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PREFACE. 


• * © 

There is perhaps so little room for a new text-book on the 

elements of inorganic chemistry, anil so little scope for any 
novel presentment of the subject, that it might well seem 
superfluous to add to the number of those already in existence, 
and impossible to do so except on well-worn lines. A 

1 >ut although most teachers seem to be fairly well agreed 
as to the ground to be covered in an ordinary three years’ 
course, we believe that in one very important respect most of 
the present text-books leave something to be desired, and 
that is in the arrangement of the subject-matter, which, as 
a rule, does not correspond with all the requirements of the 
average student, with the lectures which he attends, or with 
his progress in the study of cognate subjects. * 


A boy commencing to learn chemistry at school has already 
a. choice of many good text-books of a very elementary char- 
actor suitable for liis first year or matriculation course, but^ 
when he proceeds to a college or a university and logins his 
second year’s or intermediate although he has again 

» wide choice, lie must generally procure a different and 
much larger text-book and start again at the beginning; 


some of tho new matter which he requires is scattered here 

t 

and there in the earlier chapters tfealing with the non-metals, 
most of it is contained in the elwipters on the metals, but in 
both cases there is generally the further difficulty that^lt is 
not differentiated from the more ndvancod matter required in 
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liis third * year. Those are obvious disadvantages which ive 
have attempted to remedy, and Part I*, contains what we, con¬ 
sider to be suitable and sufficient matter for the first yours 
course, of which Part IT. will form a direct continuation. 

In dealing with the subject-matter of I‘art I. we have been 
led to postpone the stvdy of the atmosphere and of the 
common gaseous elements until the student has become 
familiar with chemical change in the case of other more 
tangible substances, such as copper and calcium carbonate : 
nlsf to defer the consideration of the complex processes ol 

ordinary combustion until the properties of earhon and those 
( 

of some of its compounds have been dcscrilx*d. 

llnther more attention than is usual has been given to 
the determination of eonipo-ition, which after all is one of 
the main objects of chemistry, lmt the description of the 
properties of elements and compounds has been restricted to 
what seemed necessary at this particular stage, and to what 
^vas possible without involving the use of other substances 
which had not been described. 

Equations, which generally prove such a stumbling-block to 
beginners, have only been introduced after n description hits 
•been given of the properties of a number of compounds suffi¬ 
ciently large to serve as some basis for a presentment of the 
principal facts and theoiies on which molecular formuhe are 
founded ; that an equation is an expression of experimental 
data is a fact which, we believe, is rarely realised by beginners 
in consequence of the premature use of syinlwdic notation. 

The subject-matter of Part 1. is essentially tlic same ns 
that of the chemistry syllabus of the Eondnn University for 
the external matriculation examination, and that of the Hoard 
of Education for Stage L 
iter, 
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‘It'is tlie object and chief business of chemistry to skilfully 
separate substances into their constituents, to discover their 
properties, and to compound them in different ways. 

* Mow difficult it is, however, to carry out such operation* with 
the greatest accuracy can only be unknown to one who either lias 
never undertaken this occupation, or at least has not done so with 
sufficient attention’ (Scheeh*, ('hnuurhr Ahhandhimj rmi iIn- Lvft 
v^d <hm Ftuer , 1777. Translated in the Alembic Club Itopnnt, 
No-8). 
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PART I. 

CHAPTER I. 

Introduction. 

Man'y materials which arc* found on the earth are known 
by different names because they can lw» distinguished fr«m 
one another. Gold, salt, water, oil, air, and coal-gas, for 
example, are easily distinguished from one another, because 
they ’nave, such very different effects on our senses. 

When any material is examined, its effect on the sense of 
sight may lie indicated hy stating its size, shape, colour, n*id 
so on ; its effect, if any, on the senses of smell, taste, and 
.touch may also he expressed in words. Some of the qualities, 
attribute's, or of the material are thus described. 

Hut in addition to such external or outward qualities, many 
other properties may he discovered hy examining the material 
in various other ways ; thus, if a solid, the material may ho 
tested as to whether it is brittle or malleable, dull or sonorous, 
rigid or plastic; it may also be boated to see whether it 
melts—that is to say, whether its properties change when 
its conditions are altered ; it may also l>e mixed with some 
other material to sec* whether it is changed thereby, and 
bo on. 

Now when such methods of examination are used and the 
properties of a given material are considered, it is clear that 

A * 
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some of these properties are much more distinctive than 
others. For example, if a sheet of thV material called glass 
is broken in^ o two pieee r s, ami one is then ground t.<» a tine 
powder, the two samples or specimens (filler in certain pro¬ 
perties ; the single pivee lias a particular shape ar.d size, and 
is smooth and transparent ; the powder is mn<|,e up of in- 
inunerahle small ’ of dillerent shapes and sizes, and 

is gritty and not transparent as a whole ; and yet it. is known 
that the two samples are one and the same material, and if 
exanfined further they would be found to liave most, if not 
all,/refnnining pruperth s in common, Thu* l>oth would be 
tasteless r and odouiles*; if healed *ulliei« ntly both would 
«/#*//•-and tln*y would melt at the same temperature : if the 
melted samples, both of which aie still the material glass, 
were cooled again, tin* two pieces so obtained might still ditler 
hi shape and si/e, hut otherwise, would he i>fcnftc<tf in pro- 
peities, and both could be iceognised as llie material railed 

Hence it is ncrc*sarv to make a distinction between those 
properties which are more or less accidental or variable, ami 

(hose which really belong to, and aie alwuv.s >hnw*i hv, a 

* * 

malerial : the j>*? and -i/e are properties of the le*> im¬ 
portant kilul to whi>'h, as a rule, little attention need be 
paid ; tin* other and more important properties, which are 
•called specific properties, are tim-c which serve to distinguish 
one material or substance* from anolher. 

I>y studying tin* specific properties of the stuff or matter 
which form- the cru-t of tin* euilh, the oceans and seas, the 
atmosphere, and animals and pi nits, many dillerent materials 
or varieties of tnafftr f may be recognised ; the ipicstion then 
arises, why does one material dilfer from another? Why, for 

* The sense in which the words ‘Material' aikI ‘substance’ an* used 
is explained later fpp. .’W, 34); jtrrvurrf references need not )*e looked up 
at a first reading. 

*} Anything which has maun. The terms ‘mass’ and ‘weight* haio not 
ftie name meanings, hut the weight of any torui of matter i» directly 
proportional to its mass. 
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example, is "old different. from suit.? Are throw tvn> matori 
uidc <tf tlio w :)(' entirely different. or matter? 

What are they made of, or composed ott hat is their 

cow}>o*ition ? • 9 

(Inc of the principal objects of (lie science of cheniistn is 
the, stud\ of the <‘nni/ni*ifion of niolfor. • 

.Hut ther# are very few material on the earth which do 
not change in one way or another. On a cold winter day 
water, which is u liquid, changes into a solid, ice; when the 
frost goes - that is to sav, when the temperature rise.-—the ice 
passes again into the liquid, water. When water i> heated 
sufficiently, it hoils and i 11 1<► steam, the liquid passing 

into a nt/mt/r ; when the vapour is cooled, it changes again 
into water. 

Sugar and salt change when they are placed in water; the 
solids disappear. A bright, piece of steel change., when it is 
left in the open air; it msts and slowly heroines a reddish- 
brown powder. \\ litui paper, wood, or coal burns, it under¬ 
goes remarkable changes, ami all that remains visible is a 
hlaek or gray ‘ash.' Jn living plants and animals changes 
of an even more remarkable kind take place; in plums, t }>g 
air, waTci, and soil in which they grow are changed iith> 
‘vegetable matter;’ in animals, vegetable matter, such as 
yfi’ass, corn, or <*ther material taken as food, is changed into 
Mesh, fat., and hone. 

Another principal object ot the science of chemi-trv is the 
study of the r/ittmjrs which matter undergoes, ami of the 
renditions which bring about these changes. 

In order to attain these, objects the chemist makes trials, 
frxf/tf or (‘.rficrinirnta with the matter which is being studied; 
he thinks of some suitable experiment to make, and then 
observes ihe results, and states them as fnvts; from these 
facts In* may draw inferences or conclusions, which are thus 
based on rjfu'i'iunoitol 

For instance, in the past many chemists have made experi¬ 
ments to try to iind out what happens when an orthnary 
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(dry) waxtcandle is burned in (dry) air, and they have 
observed that one result is, that steam pr water is obtained ; 
this is a fact. Ffom tin's fact several inferences or assump¬ 
tions or coitclnsions might be drawn. Thus it might he 
inferred or supposed that the water came from the candle 
alone, or that it came? from the air alone, or that^some of it 
came from the candle ami some from the air; further experi¬ 
ments would then be made, until at last, perhaps, some 
definite conclusion could he drawn as to whence and why. 
water is obtained under such conditions. 

AVh^ji from the results of experiments with all sorts of 
matfer a great many separate facts have been established, it 
is often possible to express a large number of them in some 
general statement, which is then called a rale, a ytmeralina¬ 
tion, or a law; thus the statement ‘All vapours and gases 
change into liquids at sufficiently low temperatures* is a 
generalisation or law established hy innumerable experi¬ 
ments. 

A generalisation or law having been discovered, it is some¬ 
times possible to go a step further and to speculate or make 
suggestions as to ‘why' such a law holds good. Such 
speculations, which are termed hy pot head s', are often of very 
great use, as they generally suggest and lead to further 
experiments, by means of which they may be ‘tested’ or put, 
to the proof. If the hypothesis is not confirmed by the 
results of such experiments, if it no longer satisfies all the 
facts, then it is given up, and perhaps a new one is suggested ; 
but if the additional results agree with it, and it is found to 
explain or fit in with a continually increasing number of 
facts relating to different occurrences or phenomena^ the 
hypothesis becomes more valuable still, and may be called 
a theory. 

It is by a series of steps from experiments to facts, 
hypotheses, and theories that the science of chemistry is 
advanced, and although such hypotheses and theories may 
prove fiseful only for a time and may then bo displaced by new 
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ones, the facts remain; the boundaries of knowledge have 
been permanently- extended. 

The knowledge thus gained is of the greatest service to 
mankind. The natural materials fftund on or ?n the earth 
can he so changed now by known ‘chemical’ processes that 
they becoiflc useful in all. sorts of ntAv and different ways, 
^hus, front earthy or stony masses of iron ore, a material 
which in a natural state is practically useless, the manufac¬ 
turer prepares various qualities of steel; similarly, nearly 
all other metals, such as lead, copper, tin, and so op, are 
manufactured by chemical processes from natural ore?^ which 
otherwise would be valueless. It is difficult to imagine a 
world without these metals, or to realise what vasf progress 
has been rendered possible by their manufacture; without 
them neither steam nor electricity could he utilised. In all 
great branches of industry chemistry plays an important part; 
in the manufacture of calico, linen, and other fabrics made 
of cotton, flax, wool, silk, and other fibres, chemical opera¬ 
tions are necessary ; the brilliant and many-hued dyes in use 
at the present day are nearly all prepared from coal-tar; 
glass, pottery, cement, soap, soda, and many other almost 
equally* useful materials in daily use are manufactured •in 
chemical-works; the explosives used for blasting and in war¬ 
fare, illuminating agents such as coal-gas and acetylene, 
alcohol, chloroform, many paints, disinfectants, and medi- # 
cines are all produced from natural materials by chemical 
operations. These examples may serve to indicate the great 
importance of the science of chemistry, and that the progress 
of civilisation is closely dependent on the application of 
chemical knowledge to the utilisation of the raw materials 
of the earth’s crust. 

As the science of chemistry is entirely based on experi¬ 
mental evidence, it is necessary that the student should 
understand the manner in which some of the principal facts 
have been established. For this purpose he should not only 
witness in the lecture-room as many experiments as possible. 
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but lie should also himself carry out a course of experimental 
work in the laboratory. 1 hiring tbis # jvork he should con¬ 
stantly bear in miTul that the greatest care must be taken in 
order to establish a farfl, and that in making experiments, 
even the simplest ones, it is necessary to observe the results 
very closely, not to c5nfn.se what .<wh/h to happen with what 
does happen, and to thinly of possible mistakes of sources nf 
error. The more, carefully the experiment is carried out, the 
more trustworthy is the e\ idencc obtained from it and the 
more # useful tlie training which the study of chemistry 


provides. 

]^or tlie purpose* of these experiments ‘ 
required.* This consists principally of tubes 
made of glass because of its transparency, and 


apparatus ’ is 
and vessels, 
because it is 


seldom changed to any great extent by the materials under 


examination. 


^ince many materials which do not change at ordinary 
temperatures, or do so only \ ery slowly, are rapidly altered 
at higher temperatures, a source of heat is required, and 

burning coal-gas is 
generally used. As 
the ordinary ‘ batV 
wing’ or * fish-tail* 
luminous flame dc-. 
posits ‘soot’ on glass 
or other vessel*, the 
flame obtained with a 
Jhtnftm-burnrr (lig. 1), 
so named after its in¬ 
ventor, is - employed. 
In this burner the gas from the small tube (//) mixes with air 
’which is drawn in through tlm openings (h) at the base of the 
larger tube (r), and the mixture is burnt at the top of (r). 

1 lie flame has a high temperature, and does not smoke or 
deposit soot. The Ihinsen-flame is also used in cooking-stoves 
and in the ordinary incandescent lamp (p. 134). 
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The flame of the blowpipe-burner (fig. 2) is u^d when a 
very high temperature is required; the principle of the burner 
is similar to that of "the Uunsen, but a forced draught of 
air is obtained with the aid of a foot-bellows (placed on the 



Fin. 2. 

floor). The movable metal part (a, r) consists of two con¬ 
centric tubes; the outer one is connected with the gas-supply 
(/>), and the inner one (<•) with the bellows. 

In heating a glass vessel it is advisable to do so gradually 
and to secure a uniform distribution of heat, otherwise the 
vessel may crack. For this purpose the vessel is generally 
placed*on a piece of iron or copper gauze, on a shect.of 
asbestos, or on a layer of sand contained in an iron tray 
, (sand-bath). 


CHAPTER IL 

Changes in State. 

Melting. —When water is cooled to a certain temperature, 
which is called its freezing-point, the liquid changes into or 
becomes a solid, known’ as ice. This temperature is marked 
0° on the Centigrade, 32° on tlio Fahrenheit scale, and is 
fixed by putting the thermometer into melting ice. From 
this statement it may be inferred that all samples of ioe melt 
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at the sa^e temperature—otherwise two or more thermo 
meters would not register tlie same freezing-point. 

If any accurate Centigrade thermometer is placed in well- 
stirred meltitig ice (a mixture of ice and water), not only does ! 
the thermometer register 0°, but it continues to do so until 
all the ice is melted.* Further, if some water ift cooled in 
a vessel, which is surrounded by a freezing mixture of ice aiyl 
salt,* until ice begins to form, a thermometer placed in the 
well-stirred freezing water again registers 0°, and continues 
to do so until all the water lias solidilied (frozen). Now, as 
this water, or ice, is not the same as that used in marking 
the ^freezing-point on the thermometer, it may be concluded 
that watt# freezes and ice melts at one and the same fixed 
temperature; this is called the freezing or melting point as 
the case may be. 

Instead of using a freezing mixtuie, the water may l>e cooled by 
the evaporation of ether; a little ether is placed in a WoulfFs 

bottle, fitted up as shown 
(fig. 3), and the water is 
contained in a test-tube, 
which passes through a 
hand of india-rubber. On 
connecting the tubi (a) to 
a water-pump, air is drawn 
thiough (ft), the ether (r) 
evaporates rapidly, ami its* 
temperature is lowered 
sufficiently to freeze the 
water (d). 

The tube («) of the water- 
pump (lig. 4) is attached to 
a high-pressure water-tap,* 
the water rushing through 
the nozzle (6) draws with it 
a stream of air and thus causes suction ; the tube (c) is connected 
with the apparatus from which the air is to he pumped. 

A substance which is solid at ordinary temperatures may 
now be studied in order to see whether it behaves in any 
** TliiB mixture may give a temperature as low as - 21° C. 



Pig. 3. 
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Fig. 4. 
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way like ice. For this purpose some (pure) 4 naphthalene 
(p. 125), a white tfolid which is deposited in gas-mains, is 
coarsely powdered and placed in a beaker, which is then 
heated on a 
water-bath (fig. 

5);* after some 
time the tiapli- 
thalene begins 
to melt; if it 
is then well 
stirred with a 
thermometer, it 
is found that 
the temperature 
at which naph¬ 
thalene melts is 
80°,t and that 
the thermome¬ 
ter remains 'at 

80° until all the naphthalene is melted. When this is 
the <^isc the liquid naphthalene is allowed to cool, stirmig 
well with the thermometer ; it is then found that the liquid 
freezes or solidifies again at 80°, and that the thermometer 
remains at this temperature until till the naphthalene has 
solidified. Every sample of (pure) naphthalene shows tlys 
behaviour, so that naphthalene, like water, has a definite 
freezing or melting point. 

Similar experiments with other substances give similar 
results, which may be summarised as follows: 

When a substance melts or freezes the change takes 
place at a fixed and definite temperature which is called the 
melting or freezing point (m.p.) of the substance (compare 
p. 19). 

* The water or steam bath is used when a temperature not exoeeding 100? 
Is required ; the cover is composed of broad concentric metal ring? (a). 

t All temperatures are expressed on the Centigrade scale- 

f % 

r * • 




as 



Fig. 5. 
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Now if in^tlie course of some experiments it wore required 
to find out whether a given substance v^ms or was not ice, its 
melting-point could "be determined ; il’ it melted at 0° this 
fact alone would not prove it to be ice, lmt, if it melted at 
any other temperature, say 3° or 10°, it could not be ice. 

The melting-point of a substance, therefore, is one of its 
important specific properties, and serves to distinguish it* 
from other substances. It is obvious from this statement 
that although some of the properties of ice change when it 
passes yito water, ami nee rerun, \ et the property of changing 
in a fjxed manner under certain fixed conditions is itself a 
constant oi^specific property of this substance. The melting- 
points yf some common substances are given later (p. 14). 

If on a frosty day a bowl of rain-water ami a bowl of salt¬ 
water are placed outside, equally exposed to the cold, the 
* fresh ’-water freezes, but unless there is a very hard frost 
the salt-water docs not, if there is much salt in it; however, 
should the cold be intense enough to cause the salt-water to 
freeze, the ice on it melts before that on thb fresh-water 
when the thaw sets in ; salt-water, therefore, has a lower 
freezing or melting point than fresh-water. This is yot. in 
contradiction to the rule stated above, because salt-water is 
not water; it is water and salt, and may be called very 
impure water (p. 33). 

« Again, if some naphthalene (m.p. 80°) is mixed with about 
10 per cent, of paraffin-wax, and the melting-point of this 
mixture is taken, it is found that, the mixture begin# to molt, 
say, at about 70 J , but does not melt completelg if kept at Ibis 
temperature j when the temperature is slowly raised above 
70 the mixture gradually becomes more liquid, but is not 
entirely melted until the thermometer indicates, say, 78°. 
Comparing this behaviour with that of (pure) naphthalene, 
and the behaviour of impure water with that of (pure) water, 
it is seen that when a substance is mixed with some other 
substance its melting or freezing point may be lowered ; 
furthej, a part of the solid generally begins to melt several 
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degrees lower than the remainder, so that °the melting- 
point of the mixture is not definite, but ranges over several 
degrees. * 

As mixtures generally behave ift this way, a determination 
of the melting-point of a solid often shows whether or not it 
is a mixture—a most useful and dimple method. Tallow, 
• paraffin-Wax, butter, solder, glasg, &c. examined in this way 
. are found to be mixtures (p. 27). 

Boiling. —When water is heated to a certain temperature 
which is called its hoilimj-poiiii , the liquid changeg into a 
rapour known as steam. This 
temperature is marked 100° on the 
Centigrade, 212° on the Fahrenheit 
scale, and is fixed on the scale by 
putting tbe thermometer in the 
vapour of boiling water. From this 
statement it may he inf erred that all 
samples of water boil at the same 
temperature, and experiments cuu- 
lirm this conclusion (compare p. IS). 

Nqpie water is placed in a small 
distillation-flask (tig. G)* fitted with 
a cork, through which there is passed 
a thermometer with its bulb some 
distance above the surface of the. 
liquid ; on heating with a llunsen- 
flamc, small bubbles form at the 
inner surface of the glass, rise in the 
water, and escape into the air. These 
hubbies are considered later (p. 9G). 

As the water gets hotter, small bubbles are again produced at 
the bottom of the flask; these get larger and larger as they 
riso through the liquid, causing a rapid movement or circula¬ 
tion, and when the bubbles hurst at the surface of the 

* A few pieces of unglaaod earthenware are also placed in the yask,a8 th$ 
water then boils more regularly, without ‘ bumping.’ 
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liquid the ^iter is said to boil or to he iu ebullition. 
As soon as tin's happens the thermometer, which before 
had risen onl^ a few degrees, suddenly shoots up to 100°, 
and remains at this temperature as long as boiling con¬ 
tinues. A mist or cloud is also seen escaping from the side- 
tube, although there is no visible mist inside the flask (steam 
‘5 invisible), and a dry, cold object held in thi# mist is 



immediately covered with very small drops of water which 
form a ‘dew.’ 

If a thermometer is held in the vapour just where the 
vapour is changing again into a liquid, the thermometer 
registers 100°. 

Now as this water is not the same as that used in fixing 
the point marked 100°, it may be concluded that water boils 
and steam liquefies or eomlemes at one and the same tempera¬ 
ture, which is called the boiling-point of the liquid (p. 18k 
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The liquid benzene , which is obtained from <boal-tar, may 

now he studied, using a dry distillation-flask (a, fig. 7) and 

a thermometer as before. In this case/’as benzene and its 

vapour are inflammable, the sidtf-tube (b) ot the flask is 

passed through a cork fitted into a Liebig’s condenser (c). 

° ■» 

This and other ‘ condensers’ are used for rapidly cooling vapours; 
•the vapour passes through the inuciotuhe, which is kept cool by the 
flow of cold water through the outer jacket, and the liquefied or 
condensed vapour is collected in the receiver. 

On heating the Ixmzene, small bubbles do not appear at 
first, as in the case of water, but after a time largo babbles 
are produced, and finally the liquid logins tot, boil; the 
thermometer then shoots up to 80 5°, and remains *at that 
temperature all the time that boiling continues; the benzene 
vapour, which, like water vapour, is invisible, is cooled in the, 
condenser, and changes back to liquid l)enzene. 

This process of boiling a substance, condensing the vnf>our, 
and collecting the liquid thus formed is known as distilla¬ 
tion, and the portion which has been distilled is often called 
the distillate. 

Aiey other sample of benzene boils at 80*5°; bcnzdhe, 
like water, has a definite boiling-point. Other liquids, such 
as ether and chloroform, when examined in a similar 
manner, give similar results, which may Ikj summarised as 
follows: ' o 

When n liquid boils or a vapour liquefies, the change takes 
place at a fixed and definite temperature which is called the 
boiling (or liquefying) point (b.p.) of the substance.* 

The melting and boiling points of some common substances 
are given on p. 14 ; t it will he seen that there is no apparent 
connection between thorn. 

• This statement is only true when the conditions arc fixed, as explained 
later (p. 18 ). 

t All temperatures are expressed in the Centigrade soale. In taking 
temperatures higher or lower than those which ean be indicted with a 
mercury thermometer, various other instruments are used. 
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Chloroform 

f Melting- 
Point. 

. - 70° 

Hoiliiig- 

Pomt. 

nr 

Mercury. * . 

Melting- 

Point. 

- 39-4° 

llnUlng- 
1*1)1 nl.. 

300° 

Benzene . 

6* 

so-.v 

Sulphur 

114o° 

448*1° 

Water 

• O’ 

*o<)° 

Zinc 

412° 

920° 


Now if a liquid worn being examined ami it was required 
to find out whether or *imt it was benzene, its boiling-point 
could be determined in tln^ manner described above ; if this 
was 80*5° it would be possible that the liquid might lie 
benzene, whereas if the boiling-point was 70° or 90” the 
liquid gould not be benzene. 

Tly hpiling-point of a substance (which may be either 
solid or liquid at ordinary temperatures) is one of its im¬ 
portant speciiie properties which may serve to distinguish it; 
if in addition to the boiling-point the melting-point is found to 
he that of a particular substance, the evidence becomes almost 
conclusive. Thus, if a substance melts at 0 and boils at 
100 1 * it is almost certainly water; if it melts at 6' and boils 
at 80*5° it is almost certainly benzene. 

When by such means, or in other ways, the, nature of a 
substance is conclusively established, the substance is said to 
have been identified. 

■ f 

The melting-point ami boiling-point of a substance are 
called pliysieal ronstauts of that substance; the density or 
speciiie gravity* is another speciiie property and physical 
constant often used for the identification of a substance. 

If instead of benzene some methylated spirit is heated in 
the distillation apparatus (iig. 7), it behaves quite differently 
from water or from benzene; although the thermometer 
shoots up to about SO when the spirit begins to boil, it does 
not remain at that temperature, but rises slowly during > list il¬ 
lation and finally registers 100°. This is because methylated 
spirit is not a pure, liquid hut a mixture (p. 32); since 
such mixtures nearly always have an indefinite or gradually 

* The relative density or specific gravity ($p. gr.) of a solid or liquid is 
. pressed by s number which shows the relative weight* of equal volumes 
of the substance and of water at some stated temperature; the density or 
sp. gr. 'of water at 4° is taken as 1. 
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rising boiling-point, a distillation of the whole tif any liquid 
(where possible) may show whether it is or is not a mixture. 
This is a very important and simple method of examining 
liquids (p. 32). Spirits (brandy, whisky, gin), paraffin-oil, 
turpentine, coal tar, &c. examined in this way are found to 
be mixtures 

• Althmt^h ice, water, and steam are very different in some 
respects, they all consist of one and the same kind of matter, 
which can bo recognised or identified by its specific pro¬ 
perties. When water freezes, nothing having weight is 
added to or taken from it: it merely becomes soJvl water. 

* •' i ^ 

Similarly, when water is changed into steam, ( it merely 
becomes water in the form of vapour. 

The changes which occur when a solid molts, a liquid 
solidifies, a liquid boils, or a vapour or gas liquefies are 
called changes in state ; it is obvious that changes in state 
are remw’We, and that the direction in which the cl Am go 
occurs depends on the ronrfitiotu s under which the substance, 
is placed (compare p. lb). 

Evaporation. —A little water placed in a saucer disappears 
in a Jay or two: although the water is far below its boiling- 
point, it passes into a vapour which mixes with the air,' and 
the water is said to t j rapovafe or to vaporise, 

A little spirit poured on to a slate evaporates in a few 
minutes, although far belovV its boiling-point; a little ether 
evaporates much more quickly. 

So that whereas the change, liquid <—> solid,* takes 
place at a fixed temperature, this is not so as regards the 
change, liquid —v vapour; liquids, and even many solids 
(ice,f naphthalene), pass into vapour at temperatures far 
below their boiling-points. As the temperature rises evapo¬ 
ration takes place more and more quickly, and finally the 
lifjuid begins to boil. 

* Tho sign -<-indicates a change which is rrvemible, 

t If after a light fall of snow the weather remains dear and frosty, the. 
snow may disappear in a day or two owing to its evaporation. 
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Atmospheric Pressure. — The * pressure of the atmos¬ 
phere ’ or ‘-atmospheric pressure ’ is genially recorded in the 
newspaper weathei* reports, and is expressed in inches. 
To demonstrate the meifiiing of this expression and the 
nature of a barometer, which is the instrument used 
to measure the pressure, the following experiment may be 
made: # , 

A stout glass tube (<7.) about 32 inches in length is sealed at 
one end ; to the open end a piece of glass tubing (b) al>out 
10 inches loner is fastened by means of stout india-rubber 



tuning, and fixed vertically in a clamp (fig. 8); the whole 
tube is then filled witli mercury to within about 6 inches 
of the top of (b) while in the slanting position shown in the 
diagram. The tube (a) is next gradually raised and fixed as 
shown in fig. 9. The mercury falls in the tube (a), and after 
oscillating for a short time comes to rest in some such position 
as that shown. 

The experiment may also be made with a straight tube 
about 32 inches in length and closed nff one end; this tube 
(e, fig.* 10) is filled with mercury, closed with the thumb, and 
then inverted in a trough of mercury. 
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The columns of mercury in the tubes (a) uni (c) * are 
h«'ld u]> by the pressyre of the air; although tin* air is a gas 
it has weight, and the weight of the ai# pressing on the 



Fig. 1). Fig. 10. 


surface of tbe mercury in the tube (/>) balances the mercury 
column (jet/), that is to soy, the column of mercury in the 
tube (a) above the level of the moicmy in (b). Similarly 

*Tl»o empty space (r) above tbe surface of the mercury in (a) and in {«) 
ia known Xs the Torricellian vaoumn, so named after Torricelli, a pupil 
of Galileof the diaooverer of the atmospheric pleasure. 

liioiy. u 
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t,. 

the pressure on the mercury in the trough (fi) supportstho 
column (xy) in tlie tube (r). The weight or pressure of this 
column of mercury is equal to the pressure of the atrnos- 
phere; thef instrument used to measure it is ealldjl a 1 
barometer —hence the term barometric pressure. A 

At sea-level the evrraye pressure is equal t» that of a 
column of mercury 760 millimeters (29*92. inches) in 
height; * this standard pressure, called one atmosphere , is 
equal to about 14*7 pounds per square inch of surface, 
h Relation between Jtoi tiny-Point and Pressure. — When 
water is boiled some way up a mountain its boiling-point is 
beKnv 100° ; at the top of the mountain its boiling-point is 
lower still, and the higher the mountain the lower the 
boiling-point, f Similarly with benzene and other liquids. 

The boiling-point of a liquid, therefore, depends on the 
pressure: the lower the pressure the lower the boiling-point. 
Tip's may be easily shown experimentally. A distillation 
apparatus like that shown in fig. 7 is arranged, but the lower 
end of the condenser is passed through a cork fitting tightly 
into the neck of a second distillation-flask; the side-tube of 
Jhe latter is connected to a water-pump (p. 8) by means of 
sUmt india-rubber tubing. The water is then heated and 
the pump is started, whereupon some of the air is sucked out 
of the flask and the pressure is reiluce.il: the water thou boils 
at a temperature below 100°, and the more the apparatus 
# is 1 exhausted ’ the lower the boiling-point. Other liquids 
examined in a similar manner are found to boil or distil at 
temperatures below their ordinary boiling-points. 

The process just described is termed distillation under 
reduced pressure. 

The boiling-point may bo now defined as that temperature 
at which the pressure of the vapour of a substance is equal to 


* On the top of a mountain the pressure is less, as there is a shorter 
column of air above. Ily observing the height of the barometer on the top 
of a mountain the altitude of the mountain may be ascertained. 

t It is thus possible to find the height of a mountain by determining the " 
bpiliiM'Vdnt of water at the summit* « 



' -i 




w 


#f CHANGES IN STATJG. 



the pressure upon it. There is thus a definite and fixed 
boiling-point for eveny pressure. 

The boiling-point of water under different pressures is given in 
the following table, and it will l>e seen that the boiling-point varies 
greatly with a change in pressure. A diminution of pressure of 
234*5 mm. causes the b.p. to. drop from 400° to 90° (whereas an 
Increase of ^pressure from 1 to 15*5 atmospheres raises the b.p. 
ffom 100° to 200°). Since the boiling-point of a liquid rises as the 
pressure is increased, when a vapour is subjected to an increase of 
pressure some of the vapour may be condensed although the tem¬ 
perature is not lowered ; thus steam at 100° and 760 mm. pressure 
is condensed to water when the pressure is increased. 


Pressure in nun, 

23*5 

64*9 

92*0 

178*9 


Boiling-Point. 
*' 25° 

40° 

50° 

64° 


Pressure in mm. 

525*5 

733*2 

760 

787*7 


Boiling-PoAt. 

®90 ft * 

99 * 

100 ° 

101 * 


In the case of the melting-point, the variation with change 
of pressure is very small and may be neglected. * 

Sublimation. —When naphthalene, iodine, or sal-ammoniac 
is gently heated, say in a large flask, the substance may 
change directly into the state of vapour, without first melting, 
and when the vapour reaches the colder portions of the vessel 
it changes to the solid* state, without first liquefying; sub¬ 
stances which show' this behaviour are said to sublime or to 
give a 8ublimafe t and the process is termed sublimation. 

The principal facts concerning such changes as those cone 
sidered may now be summarised: Many varieties of matter 
may occur in one of three states—solid, liquid, vapour or 
gas.* All vapoitTS-and gases may be liquefied and all liquids 
may be frozen,t hut some solids cannot be melted and some 
liquids cannot be boiled (p. 114). 

Which of these states will exist (if more than one is 
possible) depends upon (a) temperature, (b) .pressure. At one 
particular temperature and at one particular pressure all three 

* The difference 1 between the terms ‘gas’ and 'vapour* is explained 
later (p. 163). 

t Only one known liquid has net yet been solidified. 
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nmy exist together; ice, water, and water for example, 

exist together at 4'(> mm. pressure aiy.1 (HK>7 (At any 
other temperature *than that at which the three slates of one 
substance may exist simifita neons] v, or al any (4 her pressure, 
one, or two, of the states disappear. Changes in state, there- 
fore, are reversible. * 


CHA1TEK III 

' {Solution and Determination of 

Solubility. * 

solution 01 Solids. When sugar is placed in water the 
solid gradually di.viupcais ; it has uni melted, hut ha-. tfis- 
no/mt, ami the liquid m ealled^i nn/u/iott of sugar in water, or 
an #nqueous solution of Migar. Many substance* dissolve in 
water, as, for ex imple, salt, sugar, washing soda (p. .‘15), him* 
vitriol fp. 30), nitr** fp. 35); sm-li siihstanees are said Lo lie 
.s olubfi 1 in water, and tin* water is called tin* snirrui. 

# "VVhen water in whicli -ugar ha.-. been dissolved is vigorously 
stwred, and a few drops nl the solution are taken from any 
part and lasted, the pro-mice «•(' sugar in that pail is recog¬ 
nised. Similarly with a solution of salt ; whereas with blue 
vitriol, tin* presence ot llie di-sol vod mi] id in every part of 
fhe liquid is shown 1 »y the colour. 

Now if some linelv powdered hi tie aitriol, salt, nit it*, or 
other soluble, substance i-, added In a limited quantilv. sav 
50 e.c., cjf cold water, a little at a time, ami the liquid is 
stirred well, the hlue vitriol for other soluble suhstanee) dis¬ 
solves, quickly at lir^t, then more slowly, and iinally not at 
all, the last portion added remaining in the solid ‘■date at tho 
bottom of the vi ssel. 3 lie solution cannot, dissolve any more, 
oi the solid, and is said to lie nat nraintl; a solution which 
van still dissolve more of the solid is called unnatural erf. 

\\ li&n the cold saturated aqueous solution of blue vitriol is 
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gently warmed, the, solid at the lmttom dissolves. • 13y raising 
its temperature, the gelation is become, nnsaturated and takes 
up a farther quantity of the solid ; in nlhA 1 words, hot water 
dissolves a greater weight of 1>1 aft vitriol than dot's void 
water; hut on adding more blue vitriol still, the. hot solution 
also beeomfis saturated. AN"hen the lint saturated solution is 
eyoled, tht# cold water ennnol hold all tin* blue vitriol in 
solution, and some blue vitriol separates in the solid state. 

The behaviour hen* de^eribi-d of water and blue vitriol is 
the on I inary behaviour of a. solvent towards a soluble solid 
substance : in a few eases the solvent dissolves a greater 
weight of a given solid at low than at higher temperatures, 
hut in all cases the weight of a given solid dissolved by a 
jixed weight of a given liquid at any Iked temperature is 
roHufaul. 

The weight of a suhstauee docs not change when it passes 
into solution. If some blue \itrioland water are placcdeou 
one pan of a bid.met* in sep.uate vessels mid counterpoised, 
no change in weight is ol»st r\ed when the solid is dissolved 
in tin* liquid. 

Concentration. — AVIum a <ii/ufr aqueous solution of hbg*. 
vitriol --that is to say, a* solution which is far from saturated 
- is heated in the distillation apparatus (tig. 7), the water 
hoils and the liquid whi'-h distils into the receiver is 
colourless and does not coirtain am him* vitriol ; should 
the, solution contain salt, sugar, nr other solids as well as 
him* vitriol, these would all remain in the distilliiig-Hask. 
The unlct’Hf can thus he sept*.rated from the dissolved sub¬ 
stances by fUsHHotion (p. Jo), and when the, distillate is 
water it is called iZ/sf/V/c./ iruh r; ordinary water contains in 
solution substances which it has dissolved from the soil, iVe., 
and from which it is easily separated by distillation. 

Some of the solvent h iving been distilled away, the origin¬ 
ally dilute solution is said to have become more conrcnfm/nJ * 

* When witter has Wen added to a solution tht* latter is saul to haw 
boon diluted with wal**r. „ 0 
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—that is, iif now contains a larger proportion of the dissolved 
substance in a given volume, and, though hot, may be 
saturated; in this *ase it deposits some*of the solid when it 
is cooled. Sb that no matter how dilute the solution may be 
to start with, the dissolved substance may (as a rule) be 
recovered in the solid state by concentrating sufficiently. 
For this purpose an aqueous solution is generally liyated in an 
open (evaporating) basin ofi a water-bath (fig. 5), and if the 
process is continued until all the solvent has vaporised the 
solution is said to have been erapuratwl io A liquid 

or solid which distils or vaporises is said to be ratal Up. ; one 
which does not vaporise is said to be iion-volatile. Few 
common 'jolids are so volatile that they distil over with 
water Vapour. 

Filtration. —When powdered chalk is placed in cold water 
it does not dissolve; it is uittohib/p in water, and the solid 



Fig. 11. 


particles remain hi tmspen- 
si<m or sink. Many other 
solids are insoluble in water, 
as, for example,copper,char¬ 
coal, sulphur, and naphtha¬ 
lene. A solid wlfit-h is 
insoluble in one liquid may 
be soluble in another; thus 
sulphur is soluble in carbon 
disulphide, (p. 21(5), and 

naphthalene is soluble in 
alcohol (p. 12f»). 

A solid in ausjwmsion 
may be separated from the 
liquid not only by distilling 
off the liquid, but .also by 


the process of filtralion. When, for example, water con¬ 


taining chalk in suspension is poured into a funnel (fig. 11) 
fitted with a cone of unglazed paper (blotting or filter paper), 
the water passes through the minute pores of the paper, but 
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the particles of chalk do not; the filtered liquid or filtrate 
is quite clear ; muddy dirty water is filtered through beds 
of gravel and sand. • 

The term insoluble' is not used very strictly "and in fact 
there are few solids which do not dissolve in an unlimited 
quantify of water. Thus chalk, which is generally called 
insoluble, dissolves in about 100,000 times its own weight of 
water. The term insoluble means, therefore, that the pro¬ 
portion of solid in the saturated solution is so small that 
for practical purposes it may he neglected. When a solid is 
only ‘sparingly’ soluble it is not easy to tell whether it is 
really soluble or not by merely placing it in the liquid*, in 
such cases, after shaking tin.* solid with the solvent*for some 
time, the liquid is filtered and the filtrate, is evaporated to 
dryness. If there is an appreciable rexbhie (best observed by 
evaporating in a glass vessel) the solid is soluble; if not, it is 
insoluble. „ 

Determination of Solubility. —Tin*, weight of a solid which 
is contained in a given weight of any saturated solution at 
a given temperature may be determined ; by simple calcu¬ 
lation, the weight of the solid dissolved by 100 grams of 
the solvent may then be found. The figures thus obtained 
represent the, xoht/ii/t'fi/ of the given substance in the given 
solvent at the given temperature. In order to determine 
the solubility of salt, for example, the solid is added, a 
little at a time, to about 20 c.c. of distilled water, untTl 
some remains undissolved even after staring the solution 
well for ten minutes ; after noting its temperature, the solu¬ 
tion is filtered (so that (ill undissolved salt is removed) into 
a weighed basin ; the basin and tin* filtrate are then weighed 
together, and the solution is evaporated to dryness on a 
water-bath; the basin and the residue are then weighed 

until constant.* 

* Ah it is iiittiOHftibltf to toll l>y tbo appearance of tin* residue whether all 
the water lia« boon driven off or not, the basin and contents, which have 
been weighed once* are atjain heated at 100', allowed to cook an6 weighed 
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Eumnjtltii —Temperature of saturated solution, 15° C. 
AVeight of basin = 20*4 grams. Weight of bidin ami solu¬ 
tion =30‘6 gram4 AVeiglit of basin and residue - 23*1 
grams. * * 


Hence 10*2 grams of solution consisted of 7*5 grains of 
water and 2*7 grains of salt. e 

The ml"hi!itn of salt in water at 1 o', therefore*;' is 3(1, this 
being the weight of sail in grams dissolved by 100 giains 
of water. 


An experiment- sneli as this, in vvhieli weight considered, is 
called n^mm/i/nfirr expeiiment : one in which onlv mu me, char¬ 
ade*, or quality is eonsideied is called a ijutifihifiir e\pciimciit. 

In all i^nantitalive <*.\pd imcnls, even in sindi simple iiikn as 
detenu illations of sidnhilily, it is dilln nit to obtain accmale results 
and when any -uch cxpci imdit is repeated ijnics 1>\ the 

same or hy ditlcient poisons ihe lesults aie not r.tnrl/if the same; 
this is because, then* aie certain causes <>i sources of eiror. nime 
or less ditlicult to avoid, which ailed the result, and wliicli aie 
summed up in the term ‘ < ,i'fn'n/iirnhtf t rrnr.' '1'he greater the eaio 
taken that is, the mme the expel imeutal enor is lessened the 
moil 1 neail\ do the sepniale resubs agiee vvitli one another. As 
in most cases it is piohahh that some of tin* lesults will be too 
gieat (high), ollids too small (low i, the mwnif/r result may be taken 
a* the most coned value. * 

'The aecm.aey of the lesults depends, of eouise, to a great extent 
on the aermucy and sensitiveness ol the scales oi hahutcc which is 
used. The delicate instillment leijuned for acemate work should 

he carefully studied and tnailed with gieat care. 

« 

As the solubility varies with tlm tempei attire, but Inis a 
dcJinitn numerical value for every temperature at which a 
solution can lx* obtained, when these values have been de¬ 
termined experimentally for a sullicientlv large number of 
different temperatures, the results may be expressed by a 
Cmve, the xnlnhi/i/i/ mrrr; this cuive then shows the Solu¬ 
bility at nil temperatures between the limits examined. 

•I'tum; only when tlic weight heroin, s constant— that is to my, when two 
successive weighings giv<- tin- snim 1 n-nult -is it known that all the water 
has been expelled. Thi.i process of wr.ililtin') until connitxnl lias to be 
* carried ollt in nearly every quantitative experiment. 
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Thus in the case of nitre (potassium nitrate) experiments 
trive the following results, some of which ure expressed by 
the solubility curve (fi^. 12) : 
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Tempo ratui$. 

Grams of Nitre 
in 100 g. of Water. 

Temprialim 

Grams of Nitre 
in 100 g. of Water. 

0" 

13-0 

00, u « 

Ill 

10“ 

* 21 1 

70° 

139 

20“ * 

31 *2 • 

80° 

172 

30° 

44 r> 

90° 

200 

40“ 

(DO 

■ 

100° 

. 247 

S0“ 

8(i 




In onler to ilnnv tin* solnl'iliiy curve the vertical and horizontal 
lines A15, AC are marked oil fioni A in o<|iinl divisions, those on 
one line, say AI5, repiei-entiim plains of nitre dissohed hy JOtl g. 
of water, those on the other line, AC, the tempera lure at which 
the solubility is determined; a veitical line is then drawn from 
the*point 10“ on AC, and a horizontal line Irom the point 21'1 on 
the line All; these meet at S,. Taking the results for other tern- 
l>erat-tires, points -S.., S >t , Ac. aie obtained in a similar manner; 
linally these aie joined by a cum*, as shown in the dinjiiam. 

If now the solubility of nil re is required at any tempera- 
Ime between O' 1 and 100", say at G.V, ibis can be found by 
drawing a vertical line from Gf>° on AC until it meets the 
curve at S 4 , and a horizontal lino from S 4 until it meets All 
at a point which then gives the required value. 
c The solubility curves for a few other substances are also 
grven in the diagram. 

Solution of Liquids. —"When spit it of wine (alcohol) is 
poured into water it immediately dissolves j a similar result 
occurs when water is poured into alcohol. These liquids dis¬ 
solve oik! another, and either may In* regarded as the solvent. 
The solubility of one in the, oilier has no limit. Such liquids 
which can be mixed in all proportions are said to be miWiblu 
with one another* Turpentine, ordinary oils, petrol, and many 
other liquids are not miscible with water, and are, in fact, 
i/ixolable. Some liquids, such as ether, are soluble in, but not 
miscible with, water. 

Solution of Gases.— The Hh-rvoscence of soda-water, boor, 
Ac. is due to the escape of gas from its solution in the liquid, 
riie study of solutions of gases may be deferred (p. 163). 

TliS solubility in a given solvent is an important specific 
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property and physical constant of a substance, and serves for 
its identification; tltus, if the solubility of a given solid is 
found to be 35-8 at. 10°, it is possibly common salt; if in 
addition its solubility at 50° is 36*9 (see diagram, p. 25), 
then it is ^ilmost certainly salt, as it is extremely improbable 
that any other substance would have exactly the same solu¬ 
bilities as salt at these two different temperatures. 


CHAPTER IV. 

« 

Mixtures and Substances. tf 

When ground salt and sifted sugar are stirred or shaken 
together there results a mixture, something containing (at 
least) two distinct substances, which arc called components 
(laid together) of the mixture. If after being stirred for a few 
seconds two samples of the mixture were taken from different 
parts, they would probably not be the same : they would 
•differ (principally) in composition, as they would not contain 
the same proportion of salt (or of sugar.) Such a mixtuiie, 
any part of which differs from any other in composition^is 
called a heterogeneous mixture. 

If now this heterogeneous mixture is placed in a mortar 
and the components are ground together for, say, ten minutc§, 
then two small portions or samples taken from different parts 
would not differ in composition so much as before, and might 
be almost identical; on intimate mixture of salt and sugar 
would have been obtained. Finally, after prolonged grind¬ 
ing, the mixture would be so intimate that samples taken 
from any parts of it would have the same composition—that 
is to say, all the samples would contain the same proportion of 
salt (and of sugar); in this respect, therefore, the mixture 
mi fid now bo called homoymieons. 

But os tlxe change from heterogeneous to homogeneous 
takes place gradually, it is impossible to say when the 
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mixture wAuld first seem to lx; homogeneous; really this de¬ 
pends on the treif/Jitfi of the samples taken and on the accu¬ 
racy or delicacy o1 t >o methods of examination. Even aJ'le.T 
being stirred for a few Ininutcs only, if the whole mixture 
were divided into two roughly eijual parts the samples would 
probably have almost* the same composition; wfioreas even 
after grinding for a }ear, if two sample-, each consisting ©f 
tlnee microscopic grains only, could be taken, one of these 
might contain two grains of sugar to one of salt, the other 
two of salt to one of sugar. Further, if various samples were 
examined with the naked e\r all tin* mixtures might, look 
homogeneous, whereas under a minoscope they might appear 
heterygoifeous ; that i> to say, particles of sugar and ol* salt 
might he recognised. 

►So the terms homogeneous and heterogeneous when applied 
to mixtures of soJith an* only rdafiie. A mixture of solids 
wlweh by itself might he rom-ideivd homogeneous, would he 
heterogeneous in comparison with a solution of a solid, or 
that of a liquid ; in solutions the particles of the dissolved 
solid or liquid and those of the solvent are so minute and 
f%> intimately mixed that it is diflieult to imagine two samples, 
hmvever small, being dilferent iti coin position. This is aho 
tine in the case of a mixture of ga-.es. 

2S T ow most of the, ordinary mateiials of which the earth's 
crust is composed are mixtures, more or less heterogeneous. 
&ome rocks, such as granite, some samples of sand, soil, coal, 
most vegetable and animal matter, are obviuii.-ly hetero¬ 
geneous; clay, slate, and many oilier materials which to 
the naked eye may stein to he homogeneous are, in realitv, 
mixtures. Salt, on the other hand, and sugar are not mixtures 
and nre homogeneous; Iho smallest eoueeivablo sample of 
(pure) sugar contains sugar and nothing else. 

Sometimes the words homogeneous and heterogeneous are, 
used in reference to the similarity or ditlerence in size and 
sltttjie of the particle* or pieces of a solid ; in chemistry the, 
mechanical condition of a solid substance is seldom considered 
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(compare p. 2); a sample composed of ‘loaf,' ‘crystallised/ 
and ‘sifted’ sugar would be regarded as chemically homo¬ 
geneous so long as it consisted of sugar and •nothing else. 

« 

4 ' 

Methods of Separating the Components of a 
M Mixture. 

• s. 

Mechanical Processes. —The separation of the components 
of a mixture is an operation whirhiias to he carried out very 
often, and there are many different ways of doing so. Some 
of the simpler methods may be first considered. 

Some ‘ crystallised ’ sugar i-. im icly shaken with coarsely 
powdered blue vitriol ; in siieb a mixtuie the crystals* of ‘the 
sugar can lie picked out. If the mixture- wave ground to a 
line powder the two components would still he there" hut 
they could not lx* separated in this rumple manner. 

Some iron tilings are shaken with some sand - the hetero¬ 
geneous mixture, is spread on a piece of paper and a magnet 
drawn over it; the iron tilings onl\ are attracted, and the 
heterogeneous mixture is separated into its components. If 
the particles of iron dither in size from those of the sand, the 
.-e]iaration might also he aecomplished hy u.sing a sieve of 
suitable fineness. ^ 

Some ground charcoal is mixed with some iron filings, the 
heterogeneous mixture is thrown into a deep vessel, and a 
rapid stream of water is sent through a pipe, reaching nearly 
to the bottom of the vessel; tin* lighter charcoal is carried*’ 
away, and the iron filings remain. 

These are simple examples of what may he called rough 
W'rhnitical processes, and such as a rule give only pool* 
results - that is to say, the separation is not complete; for 
tin's reason they are little used in chemistry except in a few 
manufacturing operations. 

Methods of Separation based on Solution. —Some salt 
ami some chalk are mixed together, and the mixture is 
placed in water. The salt is soluble, the chalk is not. The 
solution is filtered (p. 22). Most of the salt is now hi tlie 
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filtrate, amf the chalk is on the filter-paper. In order to obtain 
a complete separation, a little distilled water is blown on to 
the chalk from a, wash-bottle (fig. 13) f* this washes away 

flqme of the salt solution still remain¬ 
ing in the chalk and in the pores of 
the paper. On continuing this warfh 
■inn the whole of the salt is obtained 
in 'the tiltrate, and can be recovered 
by evaporating the solution to dryness 
(p. 22). The salt and the chalk have 
now been separated. 

Ordinary gunpowder is a hetero¬ 
geneous mixture of sulphur, nitre, and 
charcoal. Some gunpowder is shaken 
with carbon disulphide (p. 216), in 
which sulphur is readily soluble, the 
other two components being insoluble ; the solution is tillered 
ami the residue washed with carbon disulphide until free 
from sulphur ; the* tiltrate is then evaporated f to obtain the 
sulphur. The mixture of nitre and charcoal, which remains 
on the filter, is transferred to a beaker, and when most of 
t'ne carbon disulphide left in it has evaporated, some hot 
water is added ; only the nitre dissolves, and after filtering 
the solution and washing tin* residue the tiltrate is evaporated. 
The charcoal remains on the filter. The three components of 
Clio mixture arc thus separated. 

Such a method, based on a very great difference in their 
solubilities, is of the greatest importance in separating the 
components of niixtuies. 

Crystallisation. — When n hot saturated solution of a solid 

* On blowing into tie* tube (a) a fine* jet of water is expelled from the 
nozzle. The neck of the flask is wrapped round with felt so that the 
apparatus can be bandit <1 even when the water is nearly boiling. 

t Carbon disulphide h.v> an unpleasant smell, and Is highly inflammable; 
the solution is evaporated in the apparatus shown in fig. 7, the flask being 
heated on a wnter-bnth, or it is allowed to evaporate /fporituucoutly (without 
being heated) in the open air. 
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(blue vitriol, nitre, sulphur) in any solvent is allowed to cool, 
or concentrated, some, of the solid is thrown out or deposited. 
The particles of the solid thus produced are generally hounded 
by plane, reflecting, surfaces (faces) which meet, farming solid 
angles; they have a definite yenuteirical form, and arc spoken 
of as cryslah. A solid 'which is composed of crystals is said 
to.be crystalline, and is thus distinguished from an amorphous 
solid, such as charcoal, which hafe no definite geometrical 


form.* 

All the crystals of a given solid have the same geometrical 
form, although they may he of dilferent sizes; thus crystals 
of common salt are all cubes, those of alum are regufar oeta¬ 
iled ra. The crystalline form of a substance is a •very im¬ 
portant specific property and physical consta.nt , which serves 
for the identification of that substance. 

Crystals produced raphl/y are generally small and imper¬ 
fect —the geometrical form is incomplete; when grown 
slowly, hy cooling a solution very gradually, or by allowing 
the solvent to evaporate at ordinary temperatures (spontaneous 
evaporation), they are larger and may be perfect in form. 
The small crystals of which a lump of loaf-sugar is composed 
and the large, crystals of ‘crystallised sugar'or sugar-candy 
allbrd an example of this dillbrence; also those of ail ordi¬ 
nary lump of sulphur compared with those obtained by the 
spontaneous evaporation of a solution of sulphur in carbon 
disulphide. " f 

Crystals are generally formed when a liquid solhUfes, as 
in the case of water, and melted naphthalene or sulphur; 
also when a vapour condenses directly to a solid—that is 
to say, in the process of sublimation (p. J9). An operation 
which leads to the formation of crystals, or the change from 
the liquid to the crystalline state, is termed crystallisation. 

The process of crystallisation (from a solvent) is of the 


* Verv few (pure) solids are known which cannot lie obtained in crj’stals; ■ 
most amorpnoua materials, sr.oh as glass, glue, gelatine, shellac, Ac., are 
mixtures. t> 
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greatest u.4e in separating tlio components of mixtures. If a 
powder composed, say, of DO per cent of blue vitriol and 
10 per cent, of sujgar is dissolved in the least possible quantity 
of boiling water and tin? solution then allowed to cool, some 
of the blue vitriol is deposited in crystals, because the cold 
solution is more than •saturated with it; the cold liquid, how¬ 
ever, is no! saturated with sugar, nil of which regains in the 
solution, which is now called the mofhri ■ liquor. The crystals 
of blue vitriol may be separated by filtration, but some ot tbe 
mother liquor, which contains sugar, is retained hy them : if 
now they are ini^/ml (p. DO) with a very little, cold water, 
all*or nearly all, the sugary liquid is removed. The crystals 
may tln^ii be redissolved in tin; least, possible quantity of 
boiling water, and obtained again by cooling the solution: 
the solid has now been and may lie separated 

by filtration from the mother liquor and dried in the air. 
A .small proportion of the blue \itriol U thus obtained free 
fiom sugar. 

Ibis process til separating the components of a mixture by 
the use of a solvent in which a part or the whole of the 
fixture dissolves is termed j rurf muni rrt/sfolhsiilion. . 

As a i ale it is dillicult to obtain hoilj or all the components of 
a mixiine tier* fiom the othei«. hy tractimial eiystallisation, because 
finally the neither liquois lieeome satuiaterl with iiioh* than one 
component, ami the tfrjio w/v are then miMuies. It may also lie 
Rioted that it is not uccis^itiily lie* cumponent of lowest soluhility 
which separates first, but that with which, owing to tin* quantity 
ami soluhility combined, the solution i«, satuiaterl. 

Fractional Distillation. —Alcohol, which hums, and water, 
which does not, tire vu<rthlr (p. 2(5); by adding suliicient 
water to some alcohol there remits a mixture which does 
not take fire when a light U put to it. If now this mixture 
is heated in a distillation apparatus (fig. 7), the thermometer, 
which suddenly shoots up to about «•> or 85° when the liquid 
begins to boil, does not remain ronsionf, but gradually rises 

ihe study of those parts of the text marked in thin whm jjn,y w* 
poned until the student coiniucuceH the intermediate course. 
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during distillation until finally it reaches 100°. If the first 
portion or fraction of* the distillate, say thg'first 5 per cent., 
is collected separately, this liquid buries when a light is applied 
to it; it contains a much larger proportion of alcohol than 
does the original mixture, because alcohol has a lower boiling- 
point (78 ) than water (100°). This method of separating 
mixed liquids is termed fractional distillation. 

Using one or other of the methods described above, or a 
combination of them, it is sometimes possible to separate one 
or more of the components of a mixture from the others f the 
component is then said to have been isolated. If it iff quite 
free from every other component it is said to be } y V rp > and 
is spoh.cn of in this book as a substance or as a pure •sub¬ 
stance ; it is homogeneous. If, however, it still contains a 
relatively very small quantity of any other component it is 
called an impure substance ; any further treatment for the 
separation of such impurities is called purification. An im¬ 
pure * substance 1 may be purified by crystallisation, distillation, 
and so on. 

It must lie noted, however, that to obtain a substance free 
even from minute quantities {traces) of impurities is generally 
a most difficult task ; if the quantity of impurity does not 
exceed, say, 01 per cent., the properties of the substance, ns a 
rule, are so slightly affected that for practical purposes it is 
considered to bo pure. Most commercial substances contain • 
more impurity than this. 

In the methods described above for the separation of the 
components of mixtures, or for the purification of substances, 
the materials, in many cases, were changed in state (vaporised, 
dissolved, &c.), but not otherwise altered; such methods 
may be called physical methods. Later on it will be shown 
that such separations or purifications are often far more 
easily accomplished, or, indeed, can only be accomplished, 
by methods of a totally different kind, which are galled 
chemical methods. 

Inorg. 
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A substance having been purified in what may seem to be 
a suitable manner, how is it known "that the substance is 
pure ? By* carefully camming it and ascertaining whether 
its specific properties are constant. If it is pure it is homo¬ 
geneous, and cannot.be separated into different Cfanponents, 
or into two samples differing from one anothey in specific 
properties, by methods sutli as those described ; if it is not yet 
pure it is still a mixture. Suppose that any pure substance 
is separated into two fractions by crystallising from water; 
the A*. two fractions are iifentiral in crenj respect —in melting- 
poent,*boiling-point, specific gravity, solubility, crystalline 
form, atid so on; they have identical specific properties 
amPphysical constants. The samples might, of course, differ 
as regards the size of the crystals, and many of, or till, the 
crystals might be imperfect; hut. this is of no importance; 
they are both composed entirely of one and the same 
substance. 

If, on the other hand, an impure substance were frac¬ 
tionally crystallised the two fractions would not be identical 
in every respect; that is to say, they would differ more or 
^pss in specific properties. 

The term material has been used in these introductory 
chapters to denote any kind of matter, whether a mixture 
or a substance ; henceforth it is employed, as far as possible, 
in the case of mixtures only. 

CHAPTER V. 

Some Common Substances. 

In the great heterogeneous mass of matter forming the 
earth’s crust a few substances occur in small quantities in 
a practically puro state; by simple processes, discovered in 
the course of time, others can )>e prepared from various * raw 
materials.’ A few such substances may now be very briefly 
described. 
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Copper, silver, mercury (quicksilver), and gold\re found 
in various parts of tlae world in small quantities; iron, lead, 
and tin are prepared from natural materials (or^s). These 
substances have been known from v6ry early times, and used 
in daily life. They have certain properties in common: for 
example, allliave, a bright, shining appeafance (metallic, lustre); 
all may lie Aieltud ; all have a higlj specific gravity; all are 
good conductors of heat and of electricity. On account of 
these resemblances they are classed together as metals ; the 
word * metal,’ therefore, is the name of a class or group of 
substances. Although metals as a class have several qpmmon 
or general characteristics, the specific properties of every metal 
are different from those of any other form of matter; $very 
metal * is a distinct substance. 

Ordinary salt., ‘common salt,’ or sodium chloride is a well- 
known substance obtained in an impure state from mines 
(rock-salt), and also by the, evaporation of sea-water (sea-salt) ; 
it is purified by recrvstallisation, and is colourless and crys¬ 
tallises in cubes. When heated suddenly, the crystals often 
break up with violence and noise, because they contain 
enclosed drops of mother, liquor (p. 32), which give rise to 
steam ; this occurrence is known as decrejntation. * 

Nitre, saltpetre, or potassium nitrate is found in certain 
tropical and subtropical countries (India, Ceylon, Syria) in 
layers on the ground, and is purified by crystallisation from fc 
water; it is colourless, very readily soluble in hot water 
(its solubility is *247 at 100°), and melts when heated 
(m.p. 539°). * 

Koda-crystals, washing-soda, or sodium carbonate was 
originally obtained by burning seaweed, placing the ‘ash* 
or residue in water, and allowing the clarified solution to 
evaporate spontaneously; it is now prepared by different 
methods (p. 274). The crystals deposited from the aqueous 

* Brass, solder, and other materials composed <>f two or more metals are 
cnlled alloy t. Brass is an alloy of copper and sine, solder an alloy of lead 
and tin. * 
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solution are colourless and transparent (like ice), but when 
they are left exposed to the air they gradually change into 
q a white (colourless) powder, 

and lose in weight. Tf some 
freshly prepared crystals are 
carefully dried with blotting 
(filter) paper, amf then heated 
in a glass tube, lifted up as 
shown (lig. 14),* they first 
liquefy and then begin to 
give steam, pure water col¬ 
lecting in the lube (b ); after 
some time the contents of 
{a) begin to crystallise, and 
finally there remains a dry 
solid, which does not change 
on continued heating. When 
this solid is dissolved in the 
least possible quantity of hot 
distilled water, and the solu¬ 
tion allowed to cool, crystals are- obtained ; these, when well 
Viried with filter-paper, behave exactly like the original sample, 
and give water and a solid when they are heated. 

Blue vitriol or copper sulphate occurs in the drainage water 
L from certain copper-mines, and when this solution is evaporated 
it gives crystals having the appearance of hlue glass; hence 
the name blue vitriol ( ri/nnn, glass) given to this substance. 
When these dry crystals are heated in an angle-tube (lig. 14) 
they gradually change, giving a colourless crystalline powder, 
and water collects in the tube (It). When the colourless 
powder is placed in a little water it turns hlue, dissolves on 
wanning, and the solution on cooling deposits crystals of 
hlue vitriol identical with those of the original substance; 
the white powder also .absorbs water, and slowly turns blue 

Tliis piece of apparatus is used »o frequently that for convenience in 
reference it is termed an ‘ angle-tube.' 
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when it is left in the air (which shows that air contains 
water vapour). # 

Green vitriol or ferrous sulphate is ;f green glass-like 
crystalline substance, which is obtained on evaporating the 
drainage water from certain coal-mines. The crystals lose 
in weight And crumble when left exposed to the air, and 
when very % rjtmthj heated* in an .angle-tube (fig. 14) they 
yield water and a white powder; *this powder is soluble in 
water, and from the solution crystals identical with those of 
the original substance are deposited. 

Water of Crystallisation. — Dry crystalline substances, 
like sodium carbonate, copper sulphate, and ferrous sulplmte, 
which give, or * lose,’ water when they are heated,•generally 
do so at 100°, or at slightly higher temperatures; if,*tlien, 
a known weight of the substance, carefully dried with filter- 
paper, is heated at a suitable temperature until constant 
(p. 2*1), the loss in weight gives the weight of the water 
which lias been expelled. Such quantitative experiments 
show that for a given substance the percentage of ‘water’ 
contained in any dry sample is constant; thus soda-crystals 
always contain G2 b per cent., blue vitriol 36*1 per cent., and 
green vitriol 45*3 per cent, of ‘water’ respectively.f + 

Now when materials such as damp nitre or damp common 
salt are heated at 100 they also lose water, but the quantity 
is not constant, and varies with the sample; further, in such 
cases the loss of water has no other result than that thft 
material is dried. Tin* water contained in such materials is 
termed moisture; its presence docs not alter the form or 
other properties of the crystals. In the case of the crystals 
of soda, blue vitriol, and green vitriol not only is the per¬ 
centage of ‘water’ constant, hut its presence alters the crystal¬ 
line form and other specific properties of the substances 
which contain it. The ‘ water,’ moreover, is not in the 

* If strongly United A different result is obtained (p. H9). 

t In the cm*e of green vitriol the percentage of water expelled cannot be 
determined in this simple way. • 
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liquid butfin the solid state. Water which plays this part 
is called water of hydration or water of crystallisation , and 
the crystals whick contain it are said to be hydrated. Thus 
soda-crystals are composed of hydrated sodium carbouate; 
the crystals of a different form which are produced when the 
‘water’ is driven off,,or crystals such as those of ‘.litre, sugar, 
&c., which do not contain ‘ water,’ are termed anhydrous ; the 
blue crystals of copper sifiphato are hydrated, the colourless 
ones are anhydrous, and tlje conversion of the former into 
the latter is termed dehydration. Some hydrated substances 
undergo dehydration (partial or complete) even at ordinary 
temperatures, ns, for example, soda-crystals; they are then 
said to effloresce, and are called efflorescent. Some anhydrous 
substances which can form hydrated crystals, as, for example, 
anhydrous copper sulphate, absorb and fix water (become 
hydrated) on exposure to damp air or when brought into con¬ 
tact with materials containing water or aqueous vapour; such 
substances are called hyyroscopic, and are often used for abstract¬ 
ing water from different materials—that is to say, for drying 
them. Some hygroscopic substances, as, for example, calcium 
chloride , thus absorb so much water that they dissolve in it; 
4i,ey are then said to flelh/ursrr, and are called deliquescent. 
The liquid produced hy quickly heating soda-crystals is not 
melted sodium carbonate, but a concentrated ay neons solution 
of this substance; hydrated substances which behave in this 
Way are said to dissolve in their water of hydration; an¬ 
hydrous sodium carbonate only molts at a very high tempera¬ 
ture (rod heat). 

Substances containing water of crystallisation are not re¬ 
garded as impure ; but water (moisture) adhering to anhydrous 
or hydrated crystals is merely impurity. Other solvents 
besides water may be fixed in crystals. 

Salts.—The four substances ‘common salt,’ nitre, blue vitriol, 
and green vitriol have certain properties in common ; they are 
all solid, crystalline, and transparent. For these and also for 
other far more important reasons, which will be explained 
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later, they are classed together as Salts, so that thc&term salt, 
like that of metal, is a class-name given to a great number of 
different substances. Many salts have been inown from very 
early times, and by simple processes .other subsltances have 
been prepared from them. 

When ratals of green vitriol are boated very strongly in 
an angle-tube (fig. 14) choking fumes* are given off, and the 
residue gradually becomes red ; if flic fumes are passed into 
a test-tube (A) containing a little water they dissolve, and tbe 
solution acquires a sour or ‘acid* taste.f When some of this 
solution is evaporated in a basin heated on a sand-bafh it 
becomes thick and oily ; this liquid is called oil of vitriol, »nd 
the ‘amd* substance contained in it is known as sulphuric 
acid. The red powder which remains in the tube is insoluble 
in water, and .absolutely different from green vitriol in other 
properties; the change which has occurred is of a different 
type from any >et considered. 

When a mixture of green vitriol and nitre is heated in a 
retort a brown gas or vapour is produced, and there distils a 
yellowish fuming* liquid, at one time called ‘spirit of nitre/ 
but now known as nitric acid. Pure nitric acid is colomless, 
very corrosive, and has a sour taste. T The solid materi 
remaining in the retort is not nitre, or anhydrous ferrous 
sulphate, and the change which has taken place is very 
different from any already studied. 

When oil of vitriol is heated with common salt a fuming* 
gas is obtained ; if this gas is passed into water the liquid 
becomes sour and sharp in taste. Such a solution, at one 
time called 'spirit of salt/ is now known as hydrochloric 
acid. Tin*, residue is not sulphuric arid or common salt. 

* I'uiues or mists consist of very small particles of liquid (or solid); the 
visible mist escaping from boiling water (often wrongly called steam) is 
composed of drops of liquid water. 

t Those * acids’ can only he tasted safely when they have been diluted 
with a largo volume of water, (iivat care should be taken that acids and 
‘chemicals' generally do not get on to the skin, and danger to the eyes 
should be most carefully avoided. • 
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Sulphuflc acid, nitric acid, and hydrochloric acid have 
certain properties in common; all have a sour taste; * all 
are corrosive—tfcat is to say, they cat into and burn or 
spoil many* materials, spell as cloth, wood, skin, and many 
metals. The term ‘acid’ is thus used as a class-name, and 
is applied to a grcaj; number of substances har/ing certain 
properties in common. The. three acids named above are 
prepared in chemical-works on the large scale. 

The presence of an acid in an aqueous solution can often 
be ascertained by adding a solution of litmus. Litmus is a 
blue* material prepared from certain lichens, and is soluble in 
wa^er ;* when its aqueous solution is added to an acid the 
blue material (blue litmus) is turned into a red one (red 
litmits). Papers soaked in a blue or red litmus solution 
and then dried are known as litmus-papers. 


CHAPTER VI. 

Chemical Change. 

r 

It has now been shown that when a substance is heated 
it may undergo a change in stale; it may melt; it may 
vaporise. In such cases, moreover, when the conditions are 
reversed the changes are reversed; the substance is then 
exactly as it was at first, except perhaps in shape; it still 
exists or endures, and has done so all the time in one. state 
or the other. Such changes may be referred to as physical 
changes, and strictly speaking the study of such changes is 
rather a branch of physics than of chemistry. 

It has also been shown that many substances may be dis¬ 
solved; this change also is reversible, for by evaporating the 
solvent the substance may be recovered unchanged, except 
perhaps in shape. 


« 


* Compare footnote, p. 39, 
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Again, some substances may be hydrated—that is, they 

may form, with watea 1 , dry, homogeneous crystals of fixed 

composition ; this change also is reversible? as the water of 

hydration may be expelled by heating. Is a substance which 

is dissolved or hydrated merely ni/jred with the solvent? 

If so these Changes may also be called'physical changes, by 

which is understood changes which only alter the state or 

. # . V . 

condition of a substance 1 , but not its specific properties. 

It is clear, however, that some of the changes referred to 
in the last chapter are of an entirely different kind, naiyely, 
those which occur on heating (1) ferrous sulphate^ (2) a 
mixture of nitre and ferrous sulphate, (3) a mixture of salt 
and sulphuric acid. In these changes, which an examples 
of chemical rhunt/e, the original substances disappear and new 
ones having totally different specific properties are obtained. 
Some further examples of chemical change may now ho 
studied in a systematic manner. 

Copper Heated in the Air. —When a sheet of bright 
copper foil or gauze is heated in a Jhinsen-flame it changes 
colour and finally becomes black. This blackening is not 
due to soot, for if the sheet he heated on one side only, hotly 
are blackened; if the surface is scraped a black powdef 
comes away and bright metal is exposed, hut on heating 
again more, black substance is formed on the bright parts. 
What has happened ? The black substance docs not change 
again into copper when it is cooled. lias some of the metal 
burnt, or changed into something which lias escaped into 
the air ? 

Copper Heated in an Enclosed Space. —In order to find 
out whether anything comes away from the copper while this 
black substance, is being formed a roll of the bright metal * is 
heated in an angle-tube, (tir, lig. 15), the, outlet (delivery) tube 
of which dips into some water contained in the vessel {ft). At 


* The metul should fill the tulnj as far ns possible ; the roll is obtained in 
a bright condition by making it rod-hot in a blowpipe flame and inmicdi* 
ately placing it in a large test-tube which contains about 2 c.c. of alSohoL 
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first a fe^air-bubbles escape from the tube ; blit it is known 
that this would happen even if there .were no copper there, 
because airjexpmids when it is heated (p. I 08 ). After heating 

for some minutes it is 
found not only that noth* 
ing escapes f Am the tul)e, 
> >ut also that the metal is 
hardly changed and does 
nut give a black sub¬ 
stance. Why doesn’t it? 
Has it not been made hot 
enough 1 

No very noticeable 
change occurs however 
Jong the metal is heated 
in this way. If, however, 
the cork is taken out of 
the tube, while keeping 
tlm copper hot, that part 
of the metal near the open 
end of the tube gradually 
Kurils black, although it is not being heated any more strongly 
than before; slowly the metal becomes black all over. 

From these observations it might be concluded that the air 
causes this blackening. When the copper is heated in a tube 
containing a very little air and no more air is allowed to get 
to it, the metal is hardly changed pnceplihly; when, how¬ 
ever, air gets to the metal the black substance is obtained. 

Copper and Nitric Acid.- -When some copper is put 
into water it does not dissolve, and is not changed in any 
wa} T ; but when the metal is placed in nitric acid,* some 
remarkable changes take place very quickly. A fizzing or 
efl’ervescence is noticed ; a brown vapour or gas appears; the 
liquid becomes blue and gels hot; finally all the copper dis¬ 
appears, and instead of colouilcss nitric acid and the metal 
* Compare footnote, p. 39, on the dangenmn character of nitric acid. 
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copper, there appear now a blue liquid and a brown gas 
(most of which has eacaped into the air). When some of 
this blue liquid is evajvorated on a water-bath, tln^e remains 
a blue crystalline substance, which i& called copper nitrate; 
this salt is readily soluble in water. 

Now contrast the behaviour of sugar, Common salt, or blue 
vitriol dissolving in water with that/of copper when it is put 
into nitric acid. How great are the differences! When one 
of the former is dissolved in water no gas is formed, no 
visible change occurs except that called solution, and .the 
dissolved substance may be recovered unchanged by evapo¬ 
rating the solution ; the imagination may picture the substance 
as still existing, although in solution. In the case of copper 
ami nitric acid at least two new substances, viz. a brown gas 
and a blue solid, are obtained; copper is not recovered on 
evaporating the solution, and the imagination cannot picture 
the metal as still existing as such. 

If, then, it were said that copper ilimilcen in nitric acid, or 
that copper is soluble in nitric acid, these terms would be 
used to express processes very different from those to which 
they have already been applied. The copper is obviously 
changed by the nitric acid, but not merely in s/a/e,* and the 
result is a solution, not of copper, but of the substance copper 
v Unite. 

When, therefore, the substance which passes into solu¬ 
tion is different front that which is put into the liquid the 
process may be called chemical solution, and the original 
substance may be said to dissolve chemically. 

Copper Nitrate Heated. —When copper nitrate is heated 
considerably above 100° * the blue solid begins to change. 
First it seems to melt (but is really dissolving in its water 
of crystallisation, p. 38); later on a brown gas is given off 
find a black substance begins to form ; finally the blue solid 
disappears entirely, and there remains a dry, black powder 

*T1uh process is generally called ‘ignition;’ any material heated 
strongly in a vessel is said to be '’ignited' even if it undergoes no change. 


• « 
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which docs not change visibly on further heating. Tins black 
powder is insoluble in water; when “put into nitric acid it 
gives a btye solution, but no brown gas; when this solution 
is evaporated there reninins a blue crystalline solid which can 
be identified as copper nitrate, and which when heated gives 
(of course) the black* powder and brown gas. 



Fig. 16. 


The Copper Reappears. —When tin? black powder ob¬ 
tained by heating copper nitrate is placed at (a) in a glass 
tube (tig. 16) through which coal-gas is passing, the black 
powder does not undergo any visible change. If now (after 
lighting the gas escaping at (it) and turning the flame very 
low) the powder is gently heated with the Bunsen-flame, it 
changes in a remarkable manner, and gives a reddish or 
salmon-coloured solid substance. Careful observation may also 
lead t!b tlie discovery that some liquid, condenses in the colder 
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portions of the tube, although the powder may have been 
made red-hot (and therefore must have been quite dry) before 
it was used. • , 

The red powder thus obtained does n6t look very like ordinary 
copper, but when examined it is found to have the following 
properties; (a) When hammered on an linvil (or melted and 
cooled) it gives a coherent mass which has the colour and lustre 
of ordinary copper,* the same specific gravity as copper, the 
same melting-point, and so on. (/>) It blackens when it is 
heated in the air : when placed in nitric acid it behaves just 
as copper does, and gives a blue solution from which blue 
«r>stals, black powder, and red solid can be obtained in turn 
by the methods just described. In short, it is found, by 
m-nj test that can be applied, that this red powder is copper. 
It is identified as copper not merely by its physical properties 
(o), but also by those (/>) of another kind, namely, its chemical 
ftmpcrtics, some of which are noted above. 

From these experiments it may he concluded that both the 
blue crystals (copper nitrate) and the black powder contain 
the stuff or matter which is called copper; hut in these sub¬ 
stances the metal is in a condition so different from that of, 
ordinary copper that it cannot he recognised. Also, that' 
there is something in coal-gas which is not in air, or why 
should the black powder change and give copper when it is 
heated in coal-gas? 

Copper Carbonate. —When copper nitrate is dissolved in 
water and a solution of sodium carbonate, (p. 35) is added, 
pale-blue solid particles are precipitated or thrown out of 
solution; on adding sufficient sodium carbonate solution and 
pouring the whole on to a filter the blue precipitate , which is 
c.dled copper carlmnnte, can be separated, and the filtrate is 
colourless. The precipitate is washed well and dried in the 
steam oven. 

On heating copper carbonate in an angle-tube (fig. 15), 

* This fa an instanoo of how the apiiearanoe of a substance may alter with 
its state of division. 5 
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with the outlet dipping under water contained in (b), bubbles 
of gas rise through the water, and the«blue substance begins 
to turn blay.k ; far more gas escapes from the tube than could 
l)e due to the expansion of the air, and finally instead of 
copper carbonate there remains a black powder. 

Copper Oxide. —A'black powder lias now been prepared in 
three different wavs: (1) by beating copper in the air, (2) by 
heating copper nitrate, and (3) by heating copper carbonate. 
Are these ‘preparations’ the same or different substances 1 
Experiments show that by whichever method this powder is 
prepared it has the same physical and chemical properties. 
Tfie vlaiiity of’ the three ‘preparations’ or samples is easily 
proved by tests. For example, all are insoluble in water; all 
have the same specific gravity ; all give copper nitrate with 
nitric acid; all give copper when heated in coal-gas. This 
black substance is called cupper ux'uia. 

Copper Sulphate.—When copper oxide is warmed with 
sulphuric acid (p. 39) diluted with water, a blue solution is 
obtained but no gas is seen. On evaporating this solution 
there remains a blue cry stubbie solid, namely, blue vitriol or 
popper sulphate, which is a different substance from copper 
titrate, as can be easily shown by heating it in a hard glass 
tube; instead of turning black and giving a brown gas 
(p. 43) it turns white, giving water (p. 36). Blue vitriol 
may also be obtained by heating copper with sulphuric acid 
(p. 39). Copper may he obtained from blue vitriol in 
various ways. A solution of sodium carbonate may be added 
to a solution of blue vitriol; this causes the precipitation of 
oopper carbonate, from which copper oxide can be prepared 
first, and then the metal, as just described. Again, when a 
bright piece of iron (or steel) is placed in the solution of 
copper sulphate, that part of the iron which is covered by 
the solution becomes salmon-coloured; it then looks very 
like the copper obtained by beating copper oxide in coal-gas, 
and it can be proved in many ways that the outside layer is 
copped. Has the irou been changed into copper? After 
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some time, using enough iron, the solution loses its blue 
colour entirely, so tliot the blue vitriol must have changed ; 
it may he concluded, therefore, that the coafing o| copper on 
the iron 1ms come from the blue vitrfol. 

From the experiments with copper which have now been 
described, it will be seen that many substances may undergo 
changes quite diilerent from those' in which they merely 
change in state or dissolve. One substance seems to change 
into or become something quite different. A bright, shining 
metal gives a black powder, also several blue substances quite 
diilerent from one another; from all these blue sul^tances 
one and the same black powder, and finally one and the same 
metal, can bo again obtained. These are further examples 
of rhcntimJ rharup>, and they are summarised diagmmmatically 
below; the arrows point towards the substance which is 
formed under conditions described above, but it must bo 
carefully borne in mind that in errrt/ rate, excepting the direct 
formation of copper oxide by beating the metal in the air, 
other substances are produced as well as those here shown. 



Copper - 


Copper 
sulphate —» 


Copper 

carbonate 

"T - - - - 

Copper 
« oxide 


Copper 


, Copper / Copper 
nitrate ~ carbonate 

Pome Chemical Changes examined Quantitatively. 

Some of the qualitative experiments with copper which 
have just been described may now be considered quantita- 
tively, and in the first place the change which occurs when 
copper is heated in the air may he examined. Tn order to 
find out whether the metal gains or loses something a roll of 
clean copper gauze * is weighed, then heated in the air 
*or some minutes, allowed to cool, and. weighed again. 

* Footnote, p, 4L * 


! 



48 


CHEMICAL CHANGE. < 


/ 

The result of this experiment will show that there is a gain 
in weight, ami therefore the formation of the black powder 
is not due to anything leaving the copper, but to something 
having weight being added to it. This mutter must have 
come from the air, a conclusion which confirms the result of 
the qualitative experiment (p. 42). 

On heating, cooling, and weighing the roll again, a further 
increase in weight would be found, and a similar result would 
be obtained even after many repetitious of the experiment. 
This is not surprising, because, as already shown, the black 
powdey.forms at the. surface, of the metal, and the air gets to 
the lower layers very slowly. 

A^ it' would take hours of heating to finish the change 
under these conditions, the. black powder may be prepared 

from the metal by one 
of the other methods. 

A weighed quantity 
(about 1 gram) of copper 
is placed in a weighed 
crucible, and nitric acid 
(enough to change all 
the metal into copper 
nitrate) is carefully 
Fig. 17. added; the solution of 

copper nitrate is then 
evaporated to dryness, and the residue strongly heated; 
when cold* the crucible and copper oxide are weighed. The 
result would he something like this: 





Weight of copper . - 1 -0030 g. 

i» cop]ier oxide = 1 -2557 g. 

Increase in weight=0*2/527 g. 

* Copper oxide is very hygroscopic (p. 38). In order to prevent it from 
taking up aqueous vapour from the air, the crucible is cooled in a vessel 
containing dried air, called a ‘ desiccator' (fig 17). 'Hie.desiccator contains 
Home very hygroscopic substanoc, such as calcium chloride (p. 38) or sul¬ 
phuric acid. 
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The crucible and contents are again heated and again 
weighed (until constant *); if the experiment lias been well 
done, the second weighing gives the same result asethc first. 

Since l a 003 g. of copper give l*25o7 g. of copper oxide, by 
proportion, 100 g. of the metal give 125 2 g. of oxide, or 

100 g. of oxide are obtained from = 79 9 g. of the 

metal. 

Now if this experiment were repeated many times, weigh¬ 
ing very accurately, taking extreme care not to spill any of 
the copper, or blue solution, or copper oxide, and waking 
sure that the Litter did not contain any moisture or blue 
solid —i». short, if the experimental error (p. 24) was **ery 
small, the average result of any set of experiments would 
always be that given above. This fact lias been proved 
by a large number of experiments carried out by skilled 
chemists. 


Further, it does not matter by which of the several pro¬ 
cesses described above the copper oxide is prepaiod, the 
result is always the same within the limits of experimental 
error; that is fo say, unit weight of copper always gives* 
1’252 units of copper oxide. This last statement confirms a 
previous conclusion, namely, that the black powder obtained 
by different methods is one and the same substance. 

The weight of copper obtained from a known weight of 
copper oxide may now lie determined by heating a known 
weight of the carefully dried substance in a stream of coal-gas 
as already described (p. 44), and weighing the metal obtained. 
The substance is weighed in a porcelain * boat,* which is put 
at ( a ) in the tube (lig. 1(1) ; coal-gas is passed through the 
tube, the oxide is heated until no further change occurs, and 
the metal is allowed to cool and weighed. The result would 
be something like this: 


Weight of copper oxide . . . . =0*7840 

•i copper.=0*0269 




* Compare footnote, p. 23, 
P 
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Since 6*7846 g. of copper oxide gives 0*6269 g. of copper, 
100 g. of the oxcde give — 6-7846— = ^ ^ mo ^' 


Skilled chemists rallying out this experiment with the 
greatest care have o/zroys found the average result to he that 
just given, and it dors not. matter hy which of The processes 
described above the copper oxide is prepared, the result is 
always the same. 

It is thus proved that when copper undergoes change, 
givjng copper oxide, 79*9 g. of iuel.nl give 100 g. of the 
oxide, (p. 49); and that when copper oxide undergoes 
change, giving copper, 100 g. of the oxide give 79*9 g. of 
the,metal. 

.Starting, therefore, from a given weight of copper, a num¬ 
ber of different substances may he obtained, and finally 
the metal may he recovered. The weight of the recovered 
metal is exactly the t>ainr as that of the in etui taken ; but, 
as ean he proved hy quantitative cxpcriiiie.nl<*, the weight 
of every intermediate substance is tjrvator than that of the 
metal used. 

It is thus proved hy these qualitative and quantitative 
*'experiments that when copper nitrate is heated, it is broken 
up or changed into (at least) two other substances, viz., 
copper oxide and a brown gas; also that when copper car¬ 
bonate is heated it is broken up into (at least) two other sub¬ 
stances, viz. copper oxide and an invisible gas; such changes 
are spoken of as (IrcnmfHtxt/inns, mid the copper nitrate or 
copper carbonate is said to bo i/wok/^ki/. Copper oxide 
must also give something besides copper when it is heated 
in coal-gas, as the change involves a loss in weight; this 
decomposition is studied later (p. lOb). 

The results of all these experiments with copper lead to the 
following conclusions: 

(1) When copper is changed so that it is no longer copper 
it is because something having weight is added hi it. 

(2) When such a change occurs, the copper takes up a 
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fixed quantity of some other matter, and loses this s$nc fixed 
quantity when it passes hack into copper. 

(il) Copper cannot he destroyed or annihilated or caused to 
pass into nothing—not even the smallest particle ofrit. 


CHAPTER VJX 

Elements and Compounds. 

Many of the substances which are classed as metals 35) 
— as, for example, iron, lead, tin, mercury, aluminium, zinff, 
magnesium, silver, gold, platinum—have heen know# for a 
' very long time, and have been very carefully examined by 
die,mists in all sorts of ways, of which the experiments with 
copper ilia)’ give some idea. It has thus been found that 
although metals may he changed by adding some matter to 
them, they cannot he broken iq* or decomposed into two or 
more different substances, as can copper nitrate, copper car- 
)>onate, or copper oxide. A metal cannot bo changed by taking 
some matter from it.* Such substances are called elementary 
substances, or elements. An element is a distinct kind of 1 
matter which has never heen decomposed to the knowledge 
of the chemist; it may he changed in state, and it may also 
he changed by adding something to it, hut it cannot he 
destroyed. 

It must not he supposed that metals are the only elements; 
about, eighty elements are known, hut the only ones in addi¬ 
tion to the metals which are commonly sent are sulphur, 

* How is it known that the gas which is produced when copper is placed 
in nitric acid does not conic from the metal '* Although the metal in¬ 
creases in weight, this might be' because it gained more matter from the 
acid than it lost ns gas! In answer to such a question it may he stated 
that this gas is never obtained from the metal except with nitric acid, and 
the gas can be obtained from nitric acid without using copper. Further, 
the quantitative experiments prove that the ?ehole of the copper can be 
teoovered from the solution without adding the gas again. . 
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iodine, aCd carbon, and possibly phosphorus. Some of the 
elements are in visible gases. 

Returning nmv to the element copper, it bus been shown 
that wlicft tin’s metal is heated in the air it adds to 
itself something in the air; this something is an invisible 
gas, fin element called ojnjyen t and in taking it lip not only 
the copper, but also the gas is absolutely and entirely' 
changed. • 

Now copper oxide cannot possibly he regarded as a mixture 
(p. 27) of copper and oxygen, and it is called a compound of 
the elements copper and oxygen. Why the elements become 
so different when they form the compound is not known, but 
in ordtr to indicate the fact that the (dements copper and 
oxygen are not merely mixed together, they are said to have 
combined or united together chemically, and the change 
which occurs during their combination is called a chemical 
change. Copper nitrate, copper carbonate, and copper sul¬ 
phate are also comjmuwh ; but in each of these substances 
the element copper is combined with two other elements, as 
will be shown later. 

It would be useless to attempt to define chemical change 
at present, but it may be pointed out that nearly all the 
changes dealt with in Chapter VI. belong to this class. 
The decomposition of a compound, such as copper carbonate, 
into two or more, different substances (elements or com¬ 
pounds) ; the separation of the element copper from the 
compound copper oxide; the formation of copper nitrate 
from copper and nitric acid, <fcc., are all examples of chemical 
change. In all these cases the substance, or substances 
resulting from the change, are entirely different in specific 
properties from those which take part in it; this is a general 
characteristic of chemical change. 

There is another most important characteristic of chemical 
change which has already been illustrated. When copper is 
changed, giving copper oxide, it combines with a fixed 
quantity of some other matter (oxygen), and loses this same 
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fixed quantity when it again passes into copper. ]?o matter 
liow the compound copper oxide is made, it always contains 
or is composed of 79‘9 per cent, of copper aiitt 20-J per cent, 
of oxygen (p. 79); it is a substance of fixed and definite 
composition. 

• 

This does not mean that if a strip of copper is heated in the air, 
say for five minutes, until it is outwardly black all over, the strip 
then contains 20-1 per cent, of oxygen. Of course it will not; it 
will not he copper oxide, except just near the surface, hut a hetero¬ 
geneous mixture of copper and copper oxide. Pure copper oxide is 
not only a substance of fixed and definite properties but of fixed 
:ufd definite composition. 

Now experiments with hundreds or thousands of* (pure) 

■ compounds have shown that each lias a fixed and definite 
composition; it is therefore concluded that this is true of 
every compound, and so this general conclusion becomes a 
law— the law of definite proportions. 

The proportion of each element present in a chemical coni’ 
pound infixed and constant. 

When chemical change occurs the ret at ire quantities of the 
substances which take part in the change, which combine 
with or art on one another, are fixed and constant. • 

It follows from this law (which it must always be borne in 
mind is based entirely on experiment) that if two satnples 
supposed to be one and the. same compound are found to 
dillbr in composition, one or both must be impure; also that 
the determination of the composition of a compound serves 
for its identification. If a given black powder of unknown 
origin were found to contain only 79 per cent, of copper it 
could not be pure copper oxide; whereas if it were found to 
consist of 79*9 per cent, of copper and 20*1 per cent, of 
oxygen it must he copper’oxide, since no other substance has 
this composition. 

The law of constant proportions also renders it possible to 
calculate how much copper oxide would bo obtained by 
converting any given weight of the metal into copper oxide, 



54 


ELEMENTS AND COMPOUNDS. 


or how much copper could be obtained from any given weight 
of copper oxidu fc An example will make this clear. 

How much copper oxide can he obtained from 0*3280 g. of 
copper? Since this compound consists of 79*9 per cent, 
of copper and 20*1 per cent, of oxygen, 79*9. g. of copper 
give 100 g. of copper oxide. Jiy simple proportion, there¬ 
fore, 79*9 : 0*3*280 :: 100: x; the result is 0*4105 g. This 
result of course would bo confirmed by an actual experiment, 1 
because it is based on experiments previously made. 

As a matter of fact tlic law of constant proportions has already 
lUien assumed in calculating the peicenluge composition of copper 
oxide; for if this compound were not constant in composition, 
100* g. of metal would not nccessaiily give J(K) times as much 
copper oxide as 1 g. of metal. The calculation of the percentage of 
water of hydration (p. 37} from the experimental data is also based 
on this law. 

Returning once more to the quantitative experiments, it 
was concluded (3, p. 51) that copper cannot be destroyed or 
annihilated; something may be added to it, combined with 
it, and again taken away from it, but it is impossible to 
‘ destroy * it—the same mass of copper matter always remains. 
What is true of copper is true of every element, and there¬ 
fore Qf every compound, because compounds are composed of 
elements. 

These facts are summarised in the law of the inde¬ 
structibility of matter (conservation of mass). Matter navy 
be changed in state, or may undergo chemical change, but it* 
mass remains constant; it cannot he destroyed, nor can it 1)6 
created. 

This law has been established by innumerable experiments, 
and the whole science of chemistry is based on it. If it 
were not true, quantitative experiments would he useless and 
calculations such as those given above impossible. What 
would be the object of starting such an experiment with a 
weighed quantity of copper or copper oxide if some of the 
matter might pass into nothing during the experiment ? 
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Putting this law in another way, ‘ when changes in state, 
or chemical changes, or* both occur, the sum of the weights of 
the original substances is identical with that of tjie weights 
of the products (or substances obtained)/ 

Many simple experiments may be shown as demonstration a 
of this law. A beaker containing some water and a glass rod 
is placed on one pan of a balance together with some washing- 
soda on a watch-glass and some blue vitriol on a watch-glass, 
and the whole is counterpoised; the blue vitriol is first 
dissolved in the water, and then the washing-soda, the solu¬ 
tion being stirred with the glass rod. Physical and chemical 
changes have then taken place ; the two solids have first been 
dissolved, and have then been chemically changed, TmUtho 
sum of the weights of the products is exactly the same as 
that of the original substances. 

The meaning of the word compound as used in chemistry 
should be very clearly understood. A compound is a sub¬ 
stance which is known to be composed of at least two 
elements; it may contain three or more. Two elements 
merely side by side are not a compound but either a mixture 
or a solution. The nature of mixtures and of solutions has* 
already been considered ; the components retain their own" 
specific properties and exist side by side, a slight variation in 
their relative quantities does not alter the properties of the 
mixture or solution perceptibly, and there is nothing fixed 
and definite about its composition. The eonttiiueuU of a 
compound do not retain tlieir own specific properties; they 
combine together in fixed proportions, forming a homo¬ 
geneous substance having properties totally different from 
tli 086 of its constituents. 

It does not necessarily follow that the components of a 
mixture are more easily separated from one another than 
are the constituents of a compound; it is far more diffi¬ 
cult, for example, to separate the components of the 
heterogeneous mixturo known os granite than to obtain 
copper from the homogeneous compound copper hxide.. 
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lint there is this very important difference between mix¬ 
tures ami compounds: the former nuty possibly be separated 
into their, components by simple physical processes which 
only cause changes in'state (p. 33); the latter can never 
be resolved into their constituents by such methods, but 

f 

must be decomposed; that is to say, they must undergo 
chemical change. 

Chemical methods arc also far more generally useful than * 
the simple physical methods already described for the sepa¬ 
ration of the components of a mixture. Thus a mixture of 
sand gild copper powder could be separated into its com¬ 
ponents by placing the mixture in nitric acid, in which sand 
is insoluble As soon as all the copper had been chemically — 
changed into copper nitrate, the solution would he filtered 
(p. 22) and the residue of sand washed with water (p. 30); 
the copper could then he recovered, as metal, from the 
filtrate by one of the methods already described. If these 
operations were carried out in order to identify the com¬ 
ponents of the mixture, the process would be called a 
qualitative (chemical) analysis; if the quantities of the 
components were also determined, the operation would be a . 
*quantitative (chemical) anay/sis. 

The identification of a substance is also, generally speaking, 
most conveniently carried out by examining its chemical 
properties—that is to say, by studying the definite or specific 
changes which the substance undergoes when it is brought 
into contact with other substances under certain fired condi¬ 
tions. Thus it is much easier to identify copper by placing 
it in nitric acid and thus obtaining a blue solution, which on 
evaporation, and ignition of the residue, gives a black powder, 
and so on, than by determining the melting-point or specific 
gravity of the metal. 

The chemical properties of a substance, although generally 
so ‘characteristic’ (that is to say, different from those of 
other substances), cannot be regarded as attributes of the 
substance itself, but rather as those of a conjunction or 
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system of two (or more) substances ; thus the formation of 
the compound coppefr oxide is just as much a properly 
of oxygen as of copper. r 


CHAPTER yill. 

Limestone, Chalk, Marble, and 
Calc-Spar. 

The gray ‘rock’ limestone occurs in enormous quantities 
in the earth’s crust, forming in some- districts huge mountain- 
ranges. On examining some pieces of limestone, shells and 
fossils may be- seen embedded in it, and it is probable that 
the great deposits of limestone in different parts of the world 
have- been formed from the remains of once living things. 
Although the pre¬ 
sence of such fossils 
does not necessarily 
make limestone a 
mixture, from a 
chemical point of 
view, it seems un¬ 
likely Jliat a. mate¬ 
rial so produced 
should ho nil the 
same substance. 

Limestone has 
been used from the 
very earliest times, 
and is used still, in 
making quirjrfhne. 
are packed into a limekiln as shown (fig. IB), and a fire 
is then made in the chamber below. The limestone does 
not burn (although the process is often called Jim©- 



Fig. 18. 

For this purpose lumps of limestone 
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burning), but is merely strongly boated; when the lire has 
died down, the l^iln is allowed to coof ami the contents are 
then drawneout. 

The product, quicklime, is still in lumps, showing that the 
limestone lias not been melted, and looks vyry like the 
original material ; when, however, water is slowly poured on 
pieqes of limestone and jif quicklime, a great difference in 
behaviour is noticed. The water merely runs off the lime¬ 
stone ; the quicklime sucks the water up, as does a dry 
sponge, and is (evidently very jiorous. As much cold water 
having«been added ns the quicklime will rapidly absorb, it is 
seen that after some time, which varies greatly with different 
samples, the quicklime begins to steam, and cracks, often 
with considerable violence.* These changes gradually become 
more noticeable, and finally, instead of a lump of quicklime, 
there remains a bulky, dry, hot powder—so hot, indeed, that 
a little gunpowder or a few lueii'er-matrhes thrown on to it 
may take fire. This process? is called ‘ slaking ' the quick¬ 
lime, and the product is called slaked lime. 

It is clear that the limestone has been changed ill the kiln. 
What has happened to it? Hus it lost water of hydration 
(p. 38), or has it taken up something from the air, as 
copper does (p. 48), or something from the coal? Quanti¬ 
tative experiments show that limestone does not take up 
anything when it is strongly heated alone in a crucible over 
the blowpipe flame (p. 7); in fact, a distinct loss in weight 
occurs. As no visible change hikes place, it seems that 
something invisible escapes. How can it be known when the 
change is complete? l>y heating until the weight becomes 
constant (p. 23). The result of such an experiment shows 
a loss in weight of, say, 43 to 44 per cent., and the product 
seems to be identical with quicklime produced in the ordinary 
way, since it gets hot and gives a dry powder when a little 
cold water is poured on it. 

Is the loss in weight due to the escape of water vapour ? 

* Care should be taken that pieces do not fly into the eyes. 
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If so, slaked limn might be identical with limestone. How 
can it be ascertained whether these two materials are identical 
or not? By examining their specific properties. , 

Now limestone seems to be insoluble in water; slaked lime 
also does not seem to dissolve. When, however, quantitative 
experiments* arc made (as. with common salt, p. 23), it is 
found that there is some difference between the two. Distilled 

. t 

water which has been saturated with limestone at ordinary 

V 

temperatures (and then filtered) docs not give any appreci¬ 
able residue (only 0001 g. from 100 g. of solution), but, the 
residue obtained from the same quantity of a filtered satu¬ 
rated solution of slaked lime is about 0*17 g. Although 
these solubilities are very small, if it were known tlmj the 
limestone and slaked lime Avere both pnrn substances, and 
that there really was this difference in solubility, this fact 
would be sufficient to prone that the two substances are not 
identical; but bearing in mind that limestone is a natural 
mineral, which has not Ihmmi purified (p. 33), and which might 
be a heterogeneous mixture, the larger quantity of soluble 
material obtained from the slaked lime might be nothing but 
some chance impurity in the particular sample of limeston? 
from which the slaked lime had been made. 

A very curious difference between limestone and slaked 
lime, however, would almost certainly be observed in making 
these solubility determinations—namely, that the water filtered 
from the former remains clear, while the clear solution of the 
latter becomes turbid (milky) on keeping it in an open vessel, 
owing to the separation of a white solid substance. The 
reason of this will be considered later. 

The results of these experiments having been inconclusive, 
the limestone and tlio slaked lime may be examined or 
‘tested* in some other way; for example, their behaviour 
with hydrochloric acid * (p. 39) may he studied. 

-Now when limestone und slaked lime are placed separately 

* The commercial acid is * diluted ’ with 4 to 10 volumes of water before 
fc»e in these experiments. * 
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in this acft, both rapidly disappear; but whereas a great deal 
of bubbling (effervescence) is observed iji the case of the lime¬ 
stone, there is itone in the case of the slaked lime.* The 
escaping bubbles consist* of an invisible gas. Does this gas 
come from the limestone or from the hydrochloric acid? 
As limestone loses something when it is ehangM to quick¬ 
lime, and as neither quicklime nor slaked lime gives any gas 
with hydrochloric acid, it* seems reasonable to conclude that 
the matter which is lost when limestone is heated is the same 

invisible <ras as that which causes the effervescence. In 

• ° 

order to try to settle this point, some powdered limestone 
is “strongly heated with the blowpipe flame (p. 7) in an 
angle-tube f (fig. 15, p. 4-1!) ; it is then found that a gas in 
given off, and in consequence there is of eourse a loss in weight. 

Now as limestone can hardly he a mere mis! are ol’ quick¬ 
lime and gas, it is probably a i mnpaund^ or at any rate it 
contains a compound (there is no evidence yet that it is not 
a mixture of two or more compounds) which is broken up or 
decompos'd at a high temperature. 

Leaving the inquiry at this stage, some properties of certain 
other white or gray materials which are found in the earth 
may ho considered. Of these chalk is one of the best known. 
It is found in huge beds in various parts of the world (c.g. 
the clifFs of Dover), ami is generally white and softer than 
limestone; it is friable and will rub off on to the fingers. 
When examined under the microscope it is seen to consist of 
fossil remains of very small marine animals (foraminifera), 
and it is believed that all the immense deposits of chalk 
were originally formed under water hv the accumulation of 
these animal remains. 

When chalk is strongly healed it loses in weight (43 to 44 
per cent.), a colourless gas escapes, and the product is a 
colourless solid which behaves like quicklime; chalk, like 

* If the quicklime has not been properly prepared the Blaked lime will 
contain some limestone, which of course will cause some effervescence. 

t A silica tube (p. 293) may he employed in this experiment. 
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limestone, is insoluble in water, but it dissolves chemically in 
hydrochloric .acid witk effervescence. From this similarity 
in chemical properties, it might be concluded that, chalk and 
limestone are the same compound, oV at any rate contain the 
same compound. 

Marble is ‘another material well know'll by sight; generally 
white, sometimes brown or black, it often looks heterogeneous, 
and is marked with veins and with patches of different 
shades; it is harder than chalk or limestone, and can he 
polished; when a piece is broken, the rough surface (fracture) 
glistens in parts and seems to be crystalline. # 

When marble is strongly heated it loses in weight (43 *to 
•If per cent.) and an invisible gas escapes; the "reqjdue, 
although it may not always look like quicklime, behaves like 
the latter when water is added to it. Marble is insoluble in 


water, hut it 
elfervescence. 


dissolves chemically in hydrochloric acid with 
From these facts it might he inferred that 


marble is, or contains, a compound identical with that present 


in limestone and chalk. 


(lypsuin, kaolin (or China-clay), and many other materials 
which look rather like marble or chalk arc found in the eartl^ 
hut examination shows at once that they differ from lime* 
stone, chalk, and marble in properties; thus when gypsum 
or kaolin is heated, it merely loses water (no gas) and the 
residue is quite different from quicklime; further, gypsum 
and kaolin do not give a gas when placed in hydrochloric acid. 
In limestone districts there is often found a beautiful 


mineral which is called rale-spar, vale He , or Iceland spar; 
this mineral forms glistening transparent crystals , and looks 
very different from limestone, chalk, and marble. And yet 
it behaves, chemically, very like them. When strongly 
heated it loses in weight and gives quicklime ; when placed 
in hydrochloric, acid it disappears and gives an invisible gas. 

Now os calc-spar is crystalline and therefore probably a 
pure substance, it may be used for some further quantitative 
experiments; it hardly seemed worth while to make* many 
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ru cl 1 experiments with limestone, &c., as the purity of the 
materials was so very doubtful.* t 

Such experiments show that when calc-spar is heated until 
constant, it r loses 44*0 per cent, in weight and gives 56’0 per 


cent, of quicklime. Different Ham plea of calc-spar from various 
parts of the world can be easily identified by llutir crystalline 
form and other properties; experiments show that ecery 
sample of calc-spar loses esact/y 44 per cent, of gas and gives 
exactly 56 per cent, of quicklime. It is thus proved that 
calc-spar is a compound and that it is jnm\ otherwise it would 
not Yiave a fixed compos'dion. Different samples of limestone, 
chalk, or marble do not. give a iixod loss in weight, but the 
percentage varies from, say, 13 to 14; therefore, although 
qualitative and quantitative experiments show that these 
materials probably consist almost entirely of the same com¬ 
pound as calc-spar, yet if so, they must he impure. Hence it 
might he inferred that the difference in colour between white, 
brown, and black marble is due to the impurities. 


(k CHAPTER IX. 

r 

Carbon Dioxide. 

The gas which is given off, end red y or liberated when lime¬ 
stone, chalk, marhle, or calc-spar is placed in hydrochloric 
acid may now he studied.f For this purpose some lumps of 

* Even if limestone were a very heterogeneous mixture (p. 27), it would 
be possible, of course, by merely grinding it to a fine powder to obtain a 
sample sufficiently ‘intimate’ to give constant results. But such results 
would not have any i/cncrtd value, because other samples of limestone from 
different portions of the rock material would probably give different 
results. 

t One of tlie commonest operations in chemistry is to bring one sulmtano* 
(solid, liquid, or gas) into contact witli another in order to obtain one or 
more new substances. This may be don** in various ways, and the result 
may depend entirely on the conditions under which the experiment is 
carried out. When, however, it is unnecessary to specify these conditions 
and a mere bringing together gives the des.rcd result, the one substauoe is 



CARBON DIOXIDE, 


63 


limestone are placed in a WouHTh bottle fitted up shown 
(iig. 19) with 1hidle fv t nnel (a) and delivery-tuba (/>), the free 
end of the latter passing through a 'beehive* (a)* which 
is immersed in « * 


water contained 
in a suitable 
basin (jmatnna- 
lir. trouyh). A 
little water is 
first poured in, 
until the lower 
end of the 
thistle funnel 



is covered, and Fig. 19. 

then some liy- 

di'cchloric acid; the gas which is liberated mixes with and 
gradually drives out the air in the flask. When, judging by 
the volume uf gas which has escaped, most of the air has 
been expelled, a glass cylinder (gas-jar) tilled with water 
is closed with a glass plate, placed upside-down on the 


said to be ‘treat' d with’ the other. The question may then arise, wha^» 
quantities of the different substances are to be used ? For example, how'' 
much limestone and how much acid should be taken in preparing this gas? 

Obviously this depends on tin; quantity of gas required; since limestone 
gives an approximately constant quantity of gas, more than this cannot be 
obtained from it. If, then, a small piece, say - g., is taken to start with, a 
rough idea of the volume of the gas obtained from it, using sufficient acid, 
may he formed; the experiment may then ho repeated on a larger scale 
with the necessary quantity of limestone. But how much acid should be 
addl'd ? This again is a matter for experiment. A little (1 drop, 5 drops) 
is first poured down the funnel; if tliix causes only a slow and slight 
evolution of gas, a htKc more is added, and so on; when all the limestone 
has disappeared the addition of more acid, of course, is useless. 

It should always ho borne in mind that the vilative quantities of two (or 
more) pure substances which take part in a chemical change are fixed, so 
tliat if one of them is used in disproportionate quantity (exeesn) it is wasted 
(unless this excess is required for some special reason!. 

* Tim ‘beehive* or ‘beehive shelf’ (/■) is a shallow earthenware vessel 
having an opening nt. the side through which the delivery-tube passes, and 
an opening in ilia centre of the top through which the gas rises into tue jai. 
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‘beehive/* and the plate removed; the bubbles of gas then 
rise in the jar and displace the water. This is a common 
method of collecting a gas, which is then said to be collected 
over water , or by th a n displacement of water; a gas thus 
collected may contain air, and will certainly contain aqueous 
vapour, but as a rule'this is of no consequence tvlien the gas 
is required for qualitative experiments only. 

When the iirst jar is Idled its mouth is closed (under 
water) with a glass plate, and the jar is then placed on the 
tabjp or left on one side in the trough, another being placed 
on tlic beehive as before. Several jars are thus filled. The 
raTe at which the gas is evolved may be regulated by diluting 
the $icid with water or by adding more acid as circumstances 


may require. 

The invisible gas thus prepared has no distinct smell or 
taste,* but it produces a slightly pungent or tingling sensation 
when inhaled or when a stream of it plays on the tongue. 
When a lighted taper is pul to it the gas does not take lire, 
and on pushing the taper down into the gas the taper is 
extinguished, just as quickly and completely as if it had been 
nlunged into water. Thu gas, therefore, cannot be or dinar]f 


it was once fixed in limestone, it was called ‘ lixed 


by llluck (1755); it is now known as carbon dioxide. 


It is common knowledge that some gases are lighter than 


air, otherwise balloons would not rise. .\ow carbon dioxide 


is heavier than air; when a jar of the gas is left open, mouth 
upwards, for a minute, the gas does not all escape, as can lie 
shown with a lighted taper (which is extinguished); when, 
however, the jar is held upside-down for a minute the heavy 
gas falls out, and then a lighted taper placed in the jar 
continues to burn. This heavy gas may also he poured from 
one vessel to another; when a lighted candle is placed at the 
bottom of a large beaker and a jar of the gas is emptied into 
the beaker (just as if water were being poured), the candle 


* As many "uses and other substances arc highly poisonous, they should 
on]}' be inhaled or tasted in specified cases. 

( 
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goes out. Two large beakers may also lie counterpoised on a 
balance and carbon dioxide poured into one of them; the air 
is then displaced by the heavier gas, and down goes that side 
of the balance. It is clear from Jdiese experiments that 
carbon dioxide is heavier than air, and consequently that 
different gasgs have different donxiHex; * the density of 
carbon dioxide is 22. 

Many other beautiful experiments may l>e shown with carbon 
dioxide on a large scale ; it may be poured down cardboard funnels 
into cardboard or glass gutters, its 
passage being shown by the ex¬ 
tinction of lighted candles. A 
stream of it may be led to the 
bottom of a large glass cylinder, 
the gradual tilling being shown by 
the extinction of a number of 
lighted caudles (ixed at different 
heights from the bottom. Soap- 
bubbles ami balloons filled with 
air may l*e floated on the gas; 
petroleum, hurtling on a plate 
in a shallow l>ox may lie ex¬ 
tinguished. 

A convenient form of apparatus 
for the preparation of carbon 
dioxide and of other gases which 
are liberated by the action of a 
liipiid on a solid at ordinary tem¬ 
peratures is shown in fig. 20 (Kipp’s 
apparatus). The limestone, marble, Fig. 20. 

or other solid is placed in the 

middle chamber [b). The tap {d) being open, the acid, or other 
liquid, is poured into the upper chamber (o) until the bottom 
chamber (c) is entirely and the middle chamber { b) is partly filled. 
The gas escapes from the tap (d). When a sufficient quantity of 
the gas has been obtained the tap (d) is closed, and the liquid in 
the chamber ( b } is then forced into the lower and upper chambers 
h the pleasure of the gas; the liberation of gas then ceases until 

* Tho density (or 8p. gr.) of a gas is the weight of the gas compared with 
that of an equal volume, of some standard gas (hydrogen) under the same con¬ 
ditions (p. 100). In moat oases the value is given to the nearest whole number, 

lnore TO * 
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the tap (/) is opened again, so that the apparatus is always ready 
for use. When the materials are spent the solution is emptied by 
removing the stopper ( e ). • 

Carbon tfioxirie is sold in steel cylinders (lig. 24, p. 72). The gas 
is forced into the cylinders under great pressure, and escapes on 
the valve being opened. 

As carbon dioxidb is so much heavier than*air, it may be 
collected in another way. The delivery-tube (b, iig. 21) is 

passed to the bottom of a dry , 
gas-jar ; when the* gas is evolved 
it displaces the lighter air, 
and by testing with a lighted 
taper the gradual idling of 
the jar can bo easily followed. 
This method is called collect¬ 
ing by the iqnntrd diaplarcmrut 
of air; the gas thus collected 
may contain air, and having 
been produced in contact with 
water, it also contains aqueous 
vapour. 

When an open cylinder which lias been filled with carbon 
dioxide is left for some time in the pneumatic trough, it is 
seen that the water-level rises gradually ; some of the gas has 
dissolved in the water. Further, if a stream of the gas is 
passed into a long glass tube, dosed at one end, and, after a 
little water lias been poured in, the tube is closed with the 
thumb and well shaken, on putting the mouth of the tube under 
water and removing the thumb, the water immediately rises.* 
A stream of the gas bubbled through some distilled water 
gives a min,lion of the gas, which lias a rather sharp (acid) 
taste, which corrodes some metals, such as iron, and which 
changes the colour of blue litmus to a dull red ; when this 

* Tlie volubility (or absorption co-efficient.) of this and of many other gases 
may be expressed by stating the volmur of the gas which is dissolved by 
100 volumes of water under given conditions; at 0° the solubility of carbon 
dioxide is 179, at 15“ only 100. , 





Fig. 21. 
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solution is heated the gas is expelled, and it is a general rule 
that the solubility of a* gas diminishes as the temperature rises. 

A rough examination of this (possibly impure} gas having 
been made, the next question to consider is whether the gas is 
one. substance or a mixture ; it is necessary, therefore, to ascer¬ 
tain whether the specific properties of the gas are fixed and 
constant. For this purpose the gas must lirst be / mrijicd as 
far as possible, because it would be useless making quantita¬ 
tive experiments with a substance which is certainly impure. 

Now it is known that the gas contains aqueous vqpour 
and may be mixed with air; as hydrochloric acid is volatile,* 
the gas may also contain this acid. How may these impuri¬ 
ties 1 o removed 1 * % 

Hydrochloric acid (gas) is very readily soluble in water; if 
the carbon dioxide is bubbled through a little water contained 
in the mush-bottle (lig. 22), this impurity is 
dissolved in and retained by the water. 

This process is called ‘ /cashimj ’ the gas 
with water, and such a process is very 
often used to separate readily soluble 
vapours or gases from those nliich are 
less soluble. 

The water vapour may be removed by 
]Kissing the washed gas through a porous 
mass of some ht/fjrosropie substance (p. .‘IS) 
contained in a suitable tube (drying-tube); 
coarsely powdered anhydrous copper sul¬ 
phate (p. 38) might be used for this pur¬ 
pose, but several better substances are known, as, for 
example, anhydrous calcium chloride (p. 38), sulphuric acid 
(p. 39), and phosphorus penloxido (p. 8f>), all of which are 
very hygroscopic. 

The air (atmospheric) contained in the gas cannot be easily 
fixed and removed by using any absorbing solution or 

* Hydrochloric acid is a solution of a gas (p. 143), and this gas may 
uKcape from the solution if the latter is vevj concentrated. • 







68 


CARBON DIOXIDE. 


material, tut if plenty of gas is allowed to flow through the 
whole apparatus before collecting, the .sample should he free 
from air. • 

When the gas has tlms been dried, obviously it would be 
absurd to collect it over water; it is therefore collected over 

mercurf /—that is to 
say, the jars and 
trough contain dry 
mercury instead of 
water—or the stream 
of pure gas is passed 
into ail apparatus such as that shown (fig. 23) until all the 
air is cupelled, and the taps are then closed. 

jftie probable or suspected impurities having been re¬ 
moved, is the gas now a (pure) substance or a mixture? 

This question may be answered by applying the same 
principles as those considered in the case of solid and liquid 
substances—that is to say, by finding whether the specific 
properties (physical and chemical) of the gas are or are not 
constant. The solubility of different samples of the gas may 
be determined; v this specific property is found to be eoii- 
•stant. The density (p. 65) may be determined. The method 
used will be indicated later (p. 159), and it u ill be shown that 
in weighing any gas special corrections have to be made; 
when this is done, it is found that under certain fixed condi¬ 
tions (p. 159) the weight of a litre of different samples of 
pure carbon dioxide is always 1*98 g., and its density 22. 

Now since different samples of the purified gas from lime¬ 
stone have exactly the same solubility and the same density, 
it may be concluded that the gas is not. a mixture; if it were, 
it is most unlikely that all samples would contain exactly the 
same proportion of the components. 

further, when different samples of the gas obtained from 
limestone, marble, chalk, or (talc-spar, either by heating or by 

I lie determination of the solubility of a gas requires special apparatus, 
which peed not be described. 
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the notion of hydrochloric acid, are examined, it is ?ound that 
tins samples have exactly the same solubility and the same 
density ; this fact shows not only that the*samejgas (carbon 
dioxide) is obtained in all cases, hirt also that the gas is a 
definite- substance of fixed properties. This conclusion is 
fully confirnfcd by an examination of the chemical properties 
of the gas. 

It will he shown later (p. 115) that carbon dioxide is a 
compound composed of two (dements, carlxm and oxygen. 


CHAPTER X. 

The Synthesis of Calcium Carbonate. 
Sodium Carbonate and Sodium 
Hydroxide. 

As calc-spar is a pure substance, when it is completely 
decomposed by heat the remaining quicklime should also be 
a pure substance, and also the slaked lime prepared from it. 
This is a very important general principle which should bg 
carefully considered. * 

Further experiments may now be made to see whether 
there is really any difference, in solubility between calc-spar 
and slaked lime, using some quicklime prepared from cnlc- 
spar in making the slaked lime. It is thus found by special 
methods that there in a difference ; the calc-spar is insoluble 
in water, whereas the slaked lime is slightly soluble (its 
solubility is 0*17 at 15°). The solution of slaked lime is 
called iimc-irafer ; a thin paste of lime-water and undissolvecl 
slaked lime is called milk of lime. 

In determining the solubility of slaked lime by the ordinary 
method (p. 23) it is noticed that the clear (filtered) solution 
becomes milky or turhid while it is being evaporated, and 
that the residue from, say, 100 g. of saturated lime-water is 
no longer soluble in 100 g. of water; therefore the tlaked 
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lime mu,4 have changed. Further, if Rome lime-water he 
left exposed to the air for some timq a crust forms at the 
surface; on testing this crust or deposit with hydrochloric 
acid, it oUcrvesces and •gives carbon dioxide. What is the 
explanation of this? The slaked lime in solution seems to 
have absorbed and •combined with some caiiam dioxide, 
which can only have come from tin* air. 

Instead of leaving the lime-water exposed to the air, some 
lime-water may he poured into a gas jar containing carbon 
dioxide; on shaking, a solid is p/vr/p/Vu/e^, causing the liquid 
to look ‘milky . 7 In order to prepare a huger quantity of this 
solid, a stream of (washed) carbon dioxide may he slowly 
bubbled* tiirough a large volume of lime water for a few 
moments;* the precipitate is then separated by liltration, 
washed, dried at 100°, and examined. It. is found to have 
the following properties: it is insoluble in water; it is 
decomposed when heated, giving carbon dioxide and quick¬ 
lime; it gives carbon dioxide when treated with hydrochloric 
acid ; it is constant in composition, ami every sample thus 
prepared loses 44 per cent, of gas and gives 5ti per cent, of 
quicklime. This precipitate, therefore, is identical with ealc- 
•spar in composition ; it must he the same compound ns 
calc-spar; the only difference between it and calc-spar, no 
matter what test is applied, is a difference in the nizp of the 
crystals; if cal e-spar he ground to a line powder, even this 
slight and chemically unimportant difference (p. 28) vanishes. 

The compound which occurs in nature in a pure, state as 
the mineral calc-spar, and which can also he produced from 
slaked lime and carbon dioxide as shown above, is called 
calcium carbonate. 

Since calcium carbonate is composed of quicklime and 
carbon dioxide, how can it he formed from slaked lime 
and carbon dioxide when quicklime and slaked lime arc not 
identical? In order to clear up this difficulty the relation 

* Tl»t* precipitate may disappear if the gas is passed for Home time, 
b eaus*, it is then changed into a soluble substance (p. 272), 
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between slaked lime and quicklime must l)o considered. 
Slaked lime is formed when water is added to quicklime; 
it seems, therefore, that quicklime combines with water. 
Quantitative experiments confirm this "conclusion. 

When a weighed quantity of quicklime is ‘slaked’with 
plenty of water, and the wet slaked lime is then dried at 
100°, some of the added water passes away us steam, but a 
fixed quantity remains in the slaked lime after heating at 
100° until the residue is constant in weight (p. 23). 56 g. 

of quicklime always give 74 g. of slaked lime. • 


The water which thus remains cannot he moisture (j* 37)j 
it cannot ho merely mixed with the quicklime as liquid water. 
Slaked lime, therefore, is quicklime which has combined with 
water to form a compound, known as calcium hydroxide, 
which difi'evs altogether in properties from either of its con¬ 
stituents.* When calcium hydroxide (74 g.) is very strongly 
heated (at alxiut 530°) it decomposes, giving quicklime (56 g.) 
and water (18 g.). 

Xow since slaked lime (calcium hydroxide) and carbon 
dioxide form calcium carbonate (a compound of quicklime 
and carbon dioxide only), it must be concluded that when 
calcium hydroxide is treated with carbon dioxide, water is 
formed, as w ell as calcium carbonate. That this is so may he 
shown by passing tin/ carbon dioxide over dry slaked lime 
which is heated at 100°. 


For this experiment some calcium hydroxide, dried at 
100° (until constant), is placed between plugs of dry cotton¬ 
wool in the inner tube (a) of a Liebig's condenser (lig. 24), 
and heated at 100° by passing steam from (J>) through the 


* Although calcium hydroxide in formed from quicklime and water, it 
•Iock not contain water as such : that is to say, there is no liquid in it, just 
as there is no gaseous carbon dioxide in calcium carbonate, no gaseous 
(•xvgen in copper oxide. The matter of which water consists is completely 
uliangfitl in properties when it enters into chemioal combination. The 
'vntur formed by decomposing calcium hydroxide is not regarded as water 

<*f crystallisation or hydration (p. 37) for reasous which will be discussed 
later. • 
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outer jacket. A slow stream of carbon dioxide (from the 
steel cylinder, c) is tbcn passed through the slaked lime, 
the gas hcving been first led through the drying-tube (d), 
which contains anhydrous calcium chloride (p. 38). After 
some time a liquid which can be identilied # as water col¬ 
lects in the cold receiver (e), and if the solid in the inner 
tube is afterwards examined, it can be identified as calcium 
carbonate. 

If a weighed tube containing anhydrous calcium chloride is 
attached to the outlet of the tube (a) and all the water 


4 



Fig. 24. 

produced is driven into it, the experiment may be made 
quantitatively, using, of course, a weighed quantity of slaked 
lime and of dry carbon dioxide; it is then found that 
74 g. of slaked lime (and 44 g. of carbon dioxide) give 100 g. 
of calcium carbonate and 18 g. of water. 

As calcium carbonate is a compound of rjuicklime and carbon 
dioxide, is it possible to produce lliis compound from its two con¬ 
stituents? When some dry cailxm dioxide is confined over 
mercury in a tube, and some pieces of dry quicklime aro pushed 
under the open end of the tube, although the quicklime rises and 
comes into eon tact with the gas the volume of the latter does 
not diminish appreciably even in the course of some hours. Hence 
combination does not occur at ordinary tenqwuluves, 
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The fact that calcium carbonate is a compound'has now 
been proved in two different ways: firstly, by decomposing 
it into two different ■ substances; secondly,* by forming it 
(together with water) from two different substances. 

The first of these methods, the breaking up of a compound 
into different substances (elements or siifipler compouuds), is 
termed analt/tris; the second method, the production of a 
compound from its constituents (elements or simpler com¬ 
pounds), is called tujnthanix. 

The results of such analytical and synthetical quantitative 
experiments with calcium carbonate and calcium hyc[yoxide 
may be summarised as follows : * 

Calcium carbonate gives Quicklime and Carbon dioxide. * 

100 g. 50 g. 44 g. 

Quicklime and Water give Calcium hydroxide. 

50 g. 18 g. 74 g. 

Calcium hydroxide + Carbon dioxide — Calcium carbonate +Water. 

74 g. 44 g. 100 g. 18 g. 

Since all these compounds are fixed and definite in com¬ 
position, and the figures given above express their quantitative^ 
relationships, it is a simple matter to calculate the weight* 
of, say, quicklime, which would be obtained from any given 
quantity of pure calcium carbonate or slaked lime. Examples 
need hardly he given. 

-All the changes summarised above are further illustrations 
of chemical change - decomposition or combination; they also 
fiord further evidence of the indestructibility of matter, and 
of the constant and fixed composition of compounds. 

It has been stated, but without giving experimental evidence, 
that carbon dioxide is a compound of carbon and oxygen; 
quicklime is also a compound of two elements, calcium and - 
oxygen, and is culled calcium oxide. These two compounds 
will be referred to later. Calcium carbonate, therefore., is 
itself a compound of three elements, calcium, carbon, and 
t>x ygen. • 
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Returning once more to limestone, marble, and chalk, it 
has been stated that when these materials are heated they all 
give carboy dioxide, but the loss in weight is not constant, 
and varies from about 4<5 to 44 per cent. 

The residue in all cases behaves like [jure quicklime (p. 69), 
and slakes with water; hut when the slaked liflie from, say, 
limestone is treated with water it does not dissolve com¬ 
pletely, even when far more water is added than is known 
to be required for the solution of an equal weight of pure 
slaved lime. A part of the material, perhaps only about 
O'i) per cent., is iimluhh in water, and can be separated by 
filtration; this part cannot bo slaked lime; the limestone, 
thereto^, contained some impurity, something which is not 
calcium carbonate. The same conclusion is arrived at by 
testing limestone with hydrochloric acid; as a rule, the lime¬ 
stone does not disappear entirely, but a small quantity of 
some insoluble residue, which, therefore, cannot l>e calcium 
carbonate, remains. Similar results are observed when marble 
and chalk are examined by these methods, hut the percentage 
of impurity is generally smaller than in limestone. 
t Here, then, is the explanation of the fact that these materials 
“are not absolutely constant in composition ; they are all vn/uirp 
calcium carbonate, and the percentage of impurity varies. 
By converting into quicklime, treating with water, and then 
bubbling carbon dioxide through the filtered solution of the 
calcium hydroxide, a pure substance of fixed composition, 
namely, calcium carbonate, is obtained; by this treatment 
the impurities in the limestone, marble, or chalk are removed, 
and the pure compound is isolated by chemical methods. 

Calcium carbonate is a component of several naturally 
occurring materials in addition to those already mentioned. 
Coral, which occurs in enormous quantities, forming coral- 
reefs, in some tropical seas, and which is the 1 skeleton’ of 
the coral polyp, consists principally of calcium carbonate, as 
do also those beautiful mineral formations known as stalactites 
and stalagmites (p. 273). Pearls, egg-shells, and the shells of 
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iiiiujy aquatic animals also contain a large proportion of calcium 
carbonate. Aragonite, a transparent mineral, found in small 
quantities, is pure calcium carbonate; it differs fijpm calc- 
‘qm- in crystalline form, specific gratify, and some other 
physical properties.* 

Dolomite , a* material which’ forms vast mountain-ranges 
(‘the Dolomites 1 of the Tyrol, &c.),. consists principally of 
a mixture of calcium carbonate and a very similar compound 
known as maynesium carbonate. 

The case of calcium carbonate may indicate the manner i % n 

which natural materials arc examined and classified chenii- 

«> 

rally-—how it is proved that several apparently different* 
minerals consist almost entirely of one definite suhstancA 


Sodium Carbonate and Sodium Hydroxide. 


From very early times the cleansing properties of the ashes 
of plants have been known and utilised, and several sub¬ 
stances which had this and other properties in common came 
to be classed together as alkalis (alkali, the ash). These 
alkalis were found to change the colour of certain vegetable 
dyes, and also to have a burning or caustic action on animal 
and vegetable matter. (.Juuddmie (or slaked lime) which was 
very vigorous in its action was called a caustic aflat i f whereas 
sodium carbonate (p. 35) and potashes (a material obtained 
from the ashes of land plants, p. 276) wore termed mild alkali*; 
the latter effervesced when placed in acids, and in this respect 
behaved like limestone (calcium carbonate), so that this sub¬ 
stance was also regarded as a mild alkali; it was also known 


* This statement that pure calcium car Inmate exists in two forms (calc- 
spar and aragonite) which diffn *in physical properties seems to contradict 
what has already been said as to the specific properties of a substance being 
constant. lint just as changing to ice nt, 0° is a specific property of water, 
at* the possibility of crystallising in one of two forms is a specific property of 
calcium carbonate. The crystals of calc-spar and of aragonite are composed 
<>F identical particles of matter, hut. the arruuunnent of those particles is 
different in the two cases; this difference in arrangement causes differences 
m specific gravity (and other properties) of the crystals as a whole, * 



76 SODIUM CA11 BON ATE AND SODIUM HYDROXIDE. 


that when quicklime was added to a solution of a xuild alkali, 
such as potashes, the latter became caustic and no longer 
eflervesc<jd wit’ll an acid. ! 

Before 1755 it wa? supposed that the mild alkali, lime-, 
stone, became the caustic alkali, quicklime, by absorbing ‘fire- 
stuff’ in the process of burning; but in that year Black 
proved that the change was duo to the loan of some gas 
(‘fixed air,’ j>. 6t). He also showed that this gas was con¬ 
tained in other mild alkalis, and could be transferred from 
tl^eni to quicklime (calcium oxide), the mild alkali becoming 
caustic, the quicklime being converted into calcium carbonate. 
* This change may now be studied; but instead of using 
quicklime a clear solution of calcium hydroxide may be em¬ 
ployed, as the ‘reaction’ is then more easily observed. On 
mixing clear solutions of lime-water and sodium carbonate 
a slight precipitate is produced ; * when this is separated by 
filtration, washed, and dried, it is found to he identical with 
calcium carbonate. The matter of which carhon dioxide is 
formed must have heen taken from tin* sodium carbonate by 
the calcium hydroxide. What else has been formed? 

In order to answer this question the filtrate, from the 
calcium carbonate must be examined; but it is obvious that 
it would be useless to simply mix indefinite quantities of 
lime-water and sodium carbonate, together, because since 
quicklime (or calcium hydroxide) combines with a Ji.rrtf 
weight of carbon dioxide, unless the substances are used 
in the required proportion, the liltiale must, contain either 
unchanged calcium hydroxide or unchanged sodium car¬ 
bonate, in addition to any new substance which may have 
been formed. What quantities, then, shall be taken ? 

It is known that 74 g. of calcium hydroxide combine with 
44 g. of carbon dioxide, giving 100 g. of calcium carbonate 
and 18 g. of water, so that if the percentage of carl ton dioxide 


* Afltlie solubility of calcium hydroxide is very Bin all (p. 6ft), only A small 
quantity of precipitate can be produced unless a very largo volume of lituo- 
■watof is used. 
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in soilium carbonate were also known it would be possible 
to calculate the required proportion of slaked lime and sodium 
carbonate, assuming that all the carbon dioxide«in the sodium 
carbonate passes to the quicklime. » 

Now when hydraied sodium carbonate is gently heated 
it loses all its*water of hydration (p. 3H), but it does not 
decompose and give oil' carbon dioxide as does calcium car¬ 
bonate; hence the quantity of carbon dioxide contained 
in the (anhydrous) crystals 
must be estimated in a dif¬ 
ferent manuer from that used 
in the case of calcium carbonate. 

For tins purpose a weighed 
quantity (say 2 g.) is placed 
in a flask (fig. 25) fitted with 
n calcium chloride tube (a), 
and containing some water and 
a small tube ((>) partly filled 
with diluted hydrocldoric acid. 

The whole apparatus is first 
weighed, and then by tilting it 
carefully a little of the acid 
is caused to flow into the. sodium carbonate solution; the 
liberated carbon dioxide passes through the calcium chloride 
tube (it cannot pass through the tube c), and the dried gas 
escapes. When the effervescence lias subsided the apparatus 
is again tilted carefully, and this process is repeated until 
all the sodium carbonate has been changed. Dry air is then 
passed through the tube (<•) to displace all the heavy carbon 
dioxide, and the apparatus is weighed again. The loss in 
weight gives the weight of the carbon dioxide which is 
obtained from the given weight of sodium carbonate. 

Accurate experiments show that 106 g. of anhydrous sodium 
carbonate must be used to supply 44 g. of carbon dioxide, 
which is the quantity required to convert 74 g. of calcium 
hydroxide into calcium carbonate (p. 73). 0 
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Dry *slake<l lime and anhydrous sodium carbonate in the 
proportion of 74 to 106 parts by weight (.<$ay 7*4 to 10*6 g.) 
are now pladbd together in a flask with some water (say 
250 c.c.), and after being warmed gently for some time* the 
solution is filtered from the calcium carbonate which has 
been formed. If (he experiment has been ((one accurately, 
the filtrate gives no effervescence on testing a portion with 
hydrochloric acid, and no precipitate on testing another 
portion with a solution of sodium carbonate; these tests 
prove that the filtrate contains neither sodium carbonate 
nor calcium hydroxide. 

? When such a filtrate is evaporated on a water-bath it gives 
a syrlp, which does not yield a solid residue until after it has 
been strongly heated f in a silver or iron basin and then 
cooled; this solid is the caustic alkali, and is now called 
sodium hydroxide (or caustic soda). 

Sodium hydroxide is deliquescent (p. 38) and very readily 
soluble in water, its solution having a soapy feel; it is a 
very violent or active substance, and burns the skin and 
decomposes nearly all animal and vegetable matter; it even 
attacks glass and earthenware at high temperatures, hence 
the use of a silver basin. Soaps are made by boiling vege¬ 
table oils with sodium hydroxide (p. 27!1). 

"When a solution of sodium hydroxide is passed up into 
a tube containing carbon dioxide confined over mercury, the 
gas is rapidly and completely absorbed, provided that it 
is pure and enough sodium hydroxide is used; the gas is 
not expelled again when the solution is boiled, as it is from 
its aqueous solution, because it has combined with the sodium 
hydroxide, giving sodium carbonate and water, just as it com¬ 
bines with calcium hydroxide, forming calcium carbonate and 

* As no visible result occurs, and it is impossible to see when the change 
its complete, it it* advise hie to leave the two substances together for some 
time, and to hasten the reaction by warming; the filtrate is then tested as 
described above, 

t Great care should be taken that the solution does not spirt into the 
faceswhile it is thus being heated. 
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water (p. 72). A mixture of sodium hydroxide an<3 calcium 
hydroxide which has been strongly heated to dry it thoroughly 
is very porous, and is often used to absorb icarbon dioxide; 
such a mixture is known as aotln-limo* 

When a solution of sodium hydroxide or calcium hydroxide 
is added in sufficient quantity to some litmus which has been 
reddened by an acid, the colour again changes to blue; that 
is to say, the effect of the acid on the dye is ‘ neutralised.’* 
Several compounds similar to sodium hydroxide and calcium 
hydroxide in chemical properties are known; as, for example, 
potassium hydroxide (caustic potash), a compound which may 
be obtained from potashes (potassium carbonate), just askodium 
hydroxide is obtained from sodium carbonate. The term alkali 
is now restricted to substances of this type (p. 253). 


CHAPTER XI. 

Oxygen. 

• 

When copper is heated in the air a black substance, copper * 
oxide, is formed (p. 40>); the weight of this product is 
greater than that of the copper from which it is obtained, 
because the metal combines with some matter from the air. 

Now many metals behave like copper in this, that when 
heated in the air they slowly change, lose their metallic 
appearance, and give * earthy ’ products, the. weights of which 
are greater than those of the metals from which they are 
produced. 

* Calcium carbonate (loos not change the colour of a wet red-litmus paper 
(p. 40), but calcium hydroxide turns it blue; the two compounds may thus 
bo easily distinguished by this test. Although sodium curium ate belongs to 
the same class or type of ooiujKtund as calcium uarhonate (they are both 
* salts,’ p. 253), it has an action on red-litmus solution similar to that of 
calcium hydroxide; calcium carbonate, being insoluble, does uot act on 
litmus. & 
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Two substances obtained in this way from lead have been 
known from early times. When lead is heated (in an open 
iron ladle) it first melts-—that is to say, changes in state—and 
then a gray or eoloured^scum or dross appears at the surface; 
the metal tarnishes and gives a ‘ calx.’ If this dross is 
removed with a rag and the bright niet.il is kepj, melted the 
dross conies again, and the longer the lead is heated the more 
dross is formed, until finally, in place of the melted metal, a 
yellowish or reddish-brown solid called litharge (or massicot) 
is obtained. 

When the lead is melted in a tube from which the air is 
practically excluded (compare copper, p. 41) no appreciable 
quantity of litharge is produced, from which it may he con¬ 
cluded that when 
the change occurs 
in the air, the 
metal combines 
with some matter 
from the air, and 
that litharge is a 
compound. 

Although lith¬ 
arge does not 
change when it 
is heated strongly 
(say at 500 ) in 
the air, it docs so 
pj g< 2fi. in a remarkable 

manner when it is 

heated gently (at about 300"), and is slowly transformed into 
a scarlet powder known as red-lmd. 

This change can he brought about, by spreading a thin layer of 
powdered litharge over an iron plate and then heating underneath 
with a bun sen llaine; in some places the litharge is raised to a 
suitable iemperatine and red-lead is formed. 

Since red-lead is manufactured by heating litharge in the 
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air, it hardly seems likely that red-lead would chnJige if it 
wove heated alone, but as a matter of fact it does so very 
quickly. When heated in an angle-tube (fig. 26) it first 
becomes much darker in colour,* and for a few* moments 
bubbles of air escape from the delivery-tube ; after a short 
interval bubbles again escape from the tube, and when 
these are collected over water (p. 64) it is seen that the 
volume of the gas obtained is far greater than that of the air 
originally contained in the tube ; therefore this air or gas 
must have come from the red-lead. When no more gas is 
evolved the deli very-tube is withdrawn from tlie water and 
the tube is allowed to cool (it will probably crack) ;Wi the 
place of the red-lead there is now a yellow substance 
(litharge), t * 

This experiment shows that red-lead is a compound, which 
can he decomposed into a yellow solid and an invisible gas; 
red-lead could hardly be a wist tire of these. As the gas must 
have been taken up by the lead from the air it might be 
inferred that the gas was air, especially as it has no smell. 
When, however, a glowing -wooden chip is pushed down into 
the gas, the wood bursts into flame. This simple test shows 
that the gas is not ordinary air. s 

Another scarlet powder, similar to rod-lead in appearance, 
hut obtained by healing the metal mercury (quicksilver) in 
the air, is known; this substance is called mere uric oxide. 
When it is heated in a tube similar to that just used (tig. 2G), 
its colour first change's to a dark brown ;* after some time a 
gas is evolved and may be collected over water; small drops 
of shining liquid are condensed on the colder portions of the 
tube. When heated long enough the powder disappears com¬ 
pletely ; it has all been dvt'ompowil into an invisible gas and 


* This first change in colour is possibly due merely to a change in the 
crystalline form of the substance, and may bo regarded as a physical change 
’which precedes decomposition. 

t The colour of litharge depends to a great extent on whether it has beem 
tooled quickly or slowly, and commercial litharge is often of a reddish- 
brown colour because it contains souio red-lead. • 

Iftopr- F 
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the liquffl metal mercury. The gas thus obtained, like that 
prepared from red-lead, causes a glowing chip to hurst into 
flame. « 

The decomposition rof red-lead and of mercuric oxide 
was studied by Priestley in 1774; lie concluded that the 
gas obtained was some purer kind of air than, ordinary air, 
and he named it ‘ dephlogisticatcd air’ (p. 129). Just 
licfore this time Scheele, by strongly heating mercuric 
oxide, nitre, and some other substances, had also prepared 
this gas, which he called ‘lire air.’ About thirty years later 
Berthollct found that this gas could be obtained by boating 
IfulotWiim chlomlr; this colourless crystalline substance is 
now generally used lor tho preparation of the gas on a 
laboratory scale. 

The potassium chlorate (compare footnote f, p. 02) is heated 
in an angle-tube (tig. 2G). After some time it melts (at .‘151 ), 
and later on begins to effervesce owing to the esc.ape of a gas, 
which is collected over water. The melted substance in the 
angle-tube becomes thicker as the heating is continued, and 
may even solidify, although if h lemperature lias not been 
lowered. After some time 1 lie evolution of gas .slackens and 
finally ceases; the delivery tube is then immediately taken 
out of the trough, so that water does not, run into the 
apparatus when the flame is relumed. The melted subsfance 
in the angle-tube solidifies on fooling to a crystal lino mass, 
which obviously eanm»l be potassium chlorate, as it does not 
give any gas when it is heated; if lliis solid is crystallis'd 
from water, and its eiyslals are rompaied with those of 
potassium chlorate obtained in a similar way, a noticeable 
difference will be seen in the geometrical form. The solu¬ 
bility of this solid is also very much greater than that of 
potassium chlorate, as can be shown even by rough quantita¬ 
tive experiments, and its melting-point is very much higher 
(about 750°). In fact, the two substances are different in 
specific properties. The solid thus obtained by decomposing 
potassium chlorate is called pnlotwinm rhhfrith; it is easily 
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distinguished from potassium chlorate by a chemical test 
described later (p. 150). 

In preparing a considerable quantity of tlifh gasjbr labora¬ 
tory or lecture experiments, powdered potassium chlorate is 
mixed with about 2 per cent, of pure manganese dioxide.* 
When this nlixture is ymtly heated in if llask (or anglc-tulxe) 
the gas is evolved rapidly, and at a temperature below that 
required to decompose potassium chlorate even very slowly, 
but the volume of the gas thus obtained is the same as that 
which would have been produced if the potas¬ 
sium chlorate alone had been used. The man¬ 
ganese dioxide is unehanyed at the end of the 
process. This can he proved by separating it 
from the potassium chloride in the residue 
(manganese dioxide is insoluble in water), and 
then washing, drying, and examining it; also 
by making quantitative experiments, which 
show that the weight of the reeore.red manganese 
dioxide is the same as that of the substance 
originally added to the potassium chlorate 
(compare p. 233). 

The gas obtained by any of the methods 
given above lias no smell, and produces no 
noticeable effect when it is inhaled. While 
being collected it does not seem to dissolve in 
water, but careful observations show that it is 
in fact slightly soluble. The gas does not take ]?ig 27, 
lire when a light is put to it, hut when a 
lighted candle is lot down into the gas, burning or com¬ 
bustion goes on much more rapidly than in the air. A 
piece of charcoal, heated on a deflagrating-spoon (fig. 27)t in 

* A small quantity of the mixture is first prepared and tested by beating 
xt in a test-tube, been use if the manganese dioxide contains charcoal (as it 
sometimes does) a violent, explosion may occur. 

1 A bent iron 'wire, tilted with an adjustable brass disc (a, fig. 27), and 
at the bottom with a small copper cup (A). It is placed iu the jar of gas as 
shown. • 
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the Bunsen-flame, merely glows; when, however, it is then 
plunged into a jar of the gas it burns brilliantly. Sulphur 
(l>. 211), which burns languidly in the air, also burns far 
more rapidly iu this gas, with a beautiful blue flame; during 
or after this experiment a disagreeable suffocating smell is 
noticed in the neighbourhood of the jar. 

A small piece (0’5 g.) of phosphorus,* when ignited on a 
deflagrating-spoon, burns vigorously in the air, emitting a dense 
white smoke, but when plunged into a jar of the gas it 
bu;rns much more fiercely. The smoko is caused by particles 
of a vvhite solid substance, which gradually settle on the 
Bottom and sides of the vessel. 

4 ribbon of the metal magnesium burns in the air when it 
i3 heated in a Bun sen-flame, and with even greater brilliancy 
when it is placed in a jar of the gas, a colourless solid 
substance being formed. 

A ribbon of steel or iron, such as a watch-spring, does not 
‘burn' in tlie air; when, however, such a ribbon is tipped 
with a little burning sulphur and jdunged into a jar of the 
gas, the iron begins to burn brilliantly, and red-hot drops 
k fall to the bottom of the cylinder (which is covered with a 
layer of sand to prevent the glass from being cracked), where 
they solidify to hard black lumps. 

The chemical changes which take place during some of 
these burnings or combustions arc considered later; in the 
meantime it may be pointed out that although a pari or the 
whole of some of tlie materials (wax, charcoal, sulphur) dis¬ 
appears entirely, the matter of which the material is com¬ 
posed is not destroyed, but is changed into matter which 
is invisible. 

When samples of the gas prepared by heating red-lead, 
mercuric oxide, nitre, and potassium chlorate respectively are 
examined qualitatively in the manner indicated by the al>ove 

* * Phosphorus must not be touched with the finger*, as the warmth of the 
hand may cause it to take fire; it is held with tongs, cut under water, and 
dried *itk filter-paper. 
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experiments,^ they are found to have the same pfbperties; 
that is to sa t y, they are all invisible, odourless, and non- 
inflammable, and a given substance burnt hi any of these 
samples yields one and the same result. Further, when 
samples of the gas obtained from the given compounds are 
washed with#water (or otherwise purified if necessary) and 
dried (p. 67), and are then examined quantitatively, they 
are found to be identical. For example, they have all the 
same solubility * (4'86 at 0°, 3 - 36 at 15°); a litre of every 
sample, measured under special conditions, weighs 1‘43 g., 
and the density of the gas is 16 (p. 65); all the samples give rise 
to copper oxide when they are passed over heated cop perl Tim 
same gas, therefore, is obtained from red-lead, mercuri# oxide, 
nitre, and potassium chlorate ; this gas is fixed and constant 
in properties, therefore it is a (pure.) substance and not a 
mixture. The name oxygen was given to this gas by 
Lavoisier (p. 248). 

Oxygen, like copper, has never been decomposed; matter 
may be added to it, combined with it, hut except in this way 
it has never yet been changed; it is an element. 

Oxygen is a very important and abundant element, and 
about one-half of the total matter of the earth, including the** 
ocean, consists of combined oxygen; it unites with nearly 
all the other elements, forming compounds which are called 
oxides; thus copper oxide and mercuric oxide arc compounds 
of oxygen with the elements copper and mercury respectively. 
The white solid which is formed from phosphorus and 
oxygen is known as phosphorus pentoxide ; it is extremely 
hygroscopic, and deliquesces (p. 38) on exposure to moist 
air; as it absorbs water vapour so readily it is very often 
used in drying air and other gases (p. 67). The suffocating 
invisible gas formed from sulphur and oxygen is called 
sufphur dioxide (p. 229), and the. metals magnesium and 
iron combine with oxygen to form magnesium oxide and iron 
oxide respectively. With many elements oxygen forms two 

* Compare p. CVO. » 
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or more different compounds; thus litharge and red-lead are 
both oxides of lend, hut red-lead contains a larger proportion 
of oxygeiifthan *does litharge. 

Since red-lead is derSmjms^d into litharge and oxygon, and 
is formed by the combination of litharge and oxygen at lower 
temperatures, it is'clear that some chemicnf changes are 
reversible, just as are changes in state. As a further example 
of a reversible chemical change, the case of quicklime and 
water ■<—>■ calcium hydroxide (p. 71) may be mentioned. 
It*is, however, rather the exception than the rule for a 
chemical change to be reversible under attainable conditions; 
the oxides, of magnesium and iron, for example, are not 
decomposed into metal and oxvgen at tin* highest, tempera¬ 
tures yet reached. Oxides, as a class, arc not decomposed 
when they are heated; the behaviour of mercuric oxide in 
this respect must be regarded as rather exceptional. 

The conversion of an element into its oxide is often 
termed oxidation , and the element which has undergone the 
change is said to he oxidised. 


CHAPTER XII. 

The Atmosphere, 

The gaseous matter which surrounds the earth, in which 
we live and move, which itself moves, causing wind, is known 
as the* air’or atmosphere. Now it has already been noted 
(p. 17) that this matter has weight; that the atmospheric 
pressure, or weight of the atmosphere at sea-level, is, on the 
average, equal to that of a column of mercury 760 mm. high. 
It has also been noted that the air contains aqueous vapour, 
from which clouds, mist, dew, rain, hail, or snow may be 
formed when the temperature falls. Farther, it has been 
stated (p. 70) that when lime-water is exposed to the air the 
calcium hydroxide in solution is slowly changed and precipi- 
< 
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tated as calcium carbonate, u fact which proves that the air 
contains carbon dioxide. From the experiments with metals 
(p. 79) it is also eleui that the air conlafns ll^u element 
oxvgen. • 

Xow when some powdered anhydrous calcium chloride 
(p. :*H) J say "about 20 g., is placed on a clock-glass and 
counterpoised on the pan of a balance, it is found that it 
rapidly gains in weight and becomes damp, because it absorbs 
and fixes wider vapour from the air circulating above it. The 
(lump powder may be heated and the water which is given^oif 
may be collected and idenlilied (p. 14). If, however, a glass 
cylinder full of ordinary air is inverted over some of tlTe 
dry, hygroscopic powder, contained on a watch-glass floating 
on mercury, the 
volume, of the 
air in the cylin- 
derdoes not dim¬ 
inish very appre¬ 
ciably even after 
several hours; 
this fact proves 
that when tbo 
water vapour is 
abstracted from 
the air there is 
very little dimin¬ 
ution in volume. 

the car¬ 
bon dioxide and 
aqueous vapour 
Contained in a 
confined volume 
of air may be I'4g. 28. 

abstracted by 

leaving the air exposed to soda-lime or sodium hydroxide 
(PP- 78, 79) in a similar manner; here again there is only a 
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small change in volume, and the gas which remains is cer¬ 
tainly not merely oxygen, as a glowing chip plunged into it 
is not killed into flame. 

What else, then, dorts the air contain ? 

When Priestley discovered oxygen in 1774, he. described his 
experiments to Luvdisier, who repeated them ill the following 
manner : 

A retort (a, fig. 28) containing mercury and air was placed ns 
shown, with its open end turned upwards in a trough contain¬ 
ing mercury and covered with a large bell-jar (/>); the air in 



Fig. 29. 


the retort and hell-jar was thus shut off from the outside 
atmosphere. The mercury in the retort was then heated 
at about 300 during several days; some of the mercury 
■changed, giving tin- scarlet powder, mercuric oxide, and the 
volume of the air ihmnnshful^ as shown by the mercury rising 
in the hell-jar (h) • aftci some days no further change occurred, 
no more mercuric oxide seemed to be formed (although a lot 
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of mercury remained in the retort), and the level t>f the 
mercury in (h) remained stationary. After the whole appa¬ 
ratus had been allowed to cool, it was found that about 
one-fifth of the air had disappeared, «nd a lighted candle 
plunged into the gas which was left was at once axtiiu/uishert. 

The mercuric oxide which had been formed was collected 
and strongly heated in the tube (fig. 29) ; the evolved gas, 
which was collected over mercury, was found to kindle a glow¬ 
ing chip or piece of charcoal, and its volume was found to be 
about the same as that of the ‘air’ which had been absorbed. 

These experiments showed that mercury combines witli 
and fixes oxygen (undergoes oxidation) when it is heated in # 
the air, but that only a portion of the air, namely, tfibout 
20 per cent, by volume, is thus fixed by mercury, '.flie 



Fig. 30. 


remaining 80 per cent, (by volume) cannot be oxygen, because 
it is not fixed by mercury, and because a candle does not burn 
in it. 

How, ns already stated, there, are many metals besides 
mercury which combine with the oxygen in the air. Of 
such, copper and iron may be conveniently employed to 
absorb and fix atmospheric oxygen. l>y dropping water from 
the tap-funnel (a, fig. 30), air from the flask (b) is slpwly 
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passed* over a long roll of copper gauze, contained in the glass 
tube (e) ami heated hy the burner (e ); the copper near tho 
inlet is slowly converted into black copper oxide, and although 
tin* * air 1 then passe* over plenty of hot unchanged copper, 
it is not entirely absorbed or lLvd, but a huge proportion" 



escapes from the outlet-tube and may bo collected over 
water. This gas (if) is found to be different from ordinary air, 
since a lighted candle placed in it is immediately extin¬ 
guished ; only about one-lifth of tho air by volume is absorbed 
by f,he copper. 

f 
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When some iron filings or borings are moistened with 
wnior and placed in a muslin bag, whicli is then suspended 
with the aid of a bent wire in a cylinder full df air,inverted 
out water (fig. 31), the water slowly* rises in the jar, but 
after some days its level remains constant, about one-fifth ot 
tlie air having been absorbed. When the*bag is withdrawn 
and the jar is placed mouth upwards on the table, a lighted 
candle placed in tlie gas is immediately extinguished. On 



Fig. :w. 


examining the iron it is found to have rusted, from which 
fact it might be inferred that rust is an oxide of iron. 

When a stick of phosphorus,* supported by copper wire, 
is placed in a long glass tube, sealed at one end and 
inverted over water (lig. <‘1:2), the level of the water slowly 
rises and about one-lifth of the air is absorbed; the remain- 
ing gas extinguishes a lighted taper. In this experiment 


* Compare footnote, p. 84. 















THE ATMOSPHERE* 


92 

although the phosphorus fumes a little it does not seem to 
change, and yet some of it must have done so, because if 
phosphorus il not present the volume of the air does not 
diminish appreciably/' 

If a dry piece of phosphorus (2 to 3 g.) is placed in a 
porcelain dish floating on water, and then covered with a large, 
narrow, dry bell-jar (fig. 33), it can be made to burn in the 
confined volume of air. For this purpose the stopper of 
the jar is removed, and after waiting until the levels of the 
water inside and outside are the same, the phosphorus is 
ignited f and the stopper quickly and securely replaced. The 
*lieat generated by the burning or combustion of the phos¬ 
phorus causes the enclosed air to expand—it may ho necessary 
to hold the bell-jar—and at first the water-level in the bell- 
jar is depressed; as burning progresses, however, the water 
begins to rise again, and when the flame has died out com¬ 
pletely and the apparatus has cooled to its initial temperature, 
the volume of the gas in the jar is seen to be less by about 
one-fifth than the original volume of the air. If now some 
water is run into the trough until its level is the same as in 
the jar, air will not enter the bell-jar on the stopper being re¬ 
moved, and it can be shown that the gas which is contained 
in the jar extinguishes a lighted candle. 

During the burning of the phosphorus a white solid is 
formed, some of which settles on the bell-jar; this product 
is the same as that obtained when phosphorus burns in 
oxygen, and being extremely hygroscopic, it soon deliquesces 
(p. 38). 

All these experiments show that when certain substances 
are heated in, or left in, the air, part of the air disappears, 
and there remains a gas which is not absorbed by these 
substances and which extinguishes flame. Although the 

* There are two reasons why no obviom change occurs: firstly, only a 
very small proportion of the phosphorus is acted on ; secondly, the product 
is deliquescent and dissolves. 

+ By touching it with a hot wire. 

I 
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experiments are only rough ones, it is found that practically 
the same proportion of the oir—viz. one-fifth—disappears or 
is absorbed in every case; * it may be concluded, therefore, 
that one and the same gas is taken up by mercury, copper, 
iron, and phosphorus, viz. the gas oxygen, and that conse¬ 
quently the unilbsorbed gas or residue is the same in all these 
experiments. 

Until quite recently (1900) this residue or unabsorbed gas, 
which is colourless and odourless and in which burning 
substances are extinguished, was regarded as one (pure) sub¬ 
stance ; it is now known, however, that although it consists 
almost entirely of one element, nitrogen, it contains a number' 
of other elements ( Helium , Neon, Aryan, Krypton, Xen/ju ) in 
relatively very small quantities. 

By experiments such as the above it can be shown that 
various gases as well as aqueous vapour are contained in the 
atmosphere, and a rough idea of their relative proportions by 
volume may be obtained. 

Accurate analyses of mixtures of gases are only possible with the 
aid of special apparatus, ami the direct observations are of little 
value until they have been corrected according to principles 
explained later (p. 159) ; for these reasons it is only possible to 
indicate here some of the simpler methods used in the analysis 
of air. 

The aspirator (a, fig. 34) filled with water is connected to a tube 
( h ) filled witli anhydrous calcium chloride, a tube (c) filled with 
soda-lime, aud a tube (d) filled with anhydrous calcium chloride; 
the tubes (c) and (d) are weighed. A known volume of air is then 
slowly drawn through these three tubes by opening the screw 
clamp (e) and measuring the volume of water which siphons out of 
the aspirator (filling it as often as is necessary). The aqneous 
vapour is absorlted in (d), the carbon dioxide in (c), and the weights 
of these substances in the measured volume of air are ascertained 

* In the experiments with iron and phosphorus (figs. 31-33) the volume 
of the air contained in the vessels at the commencement of the experi¬ 
ment may be previously measured with the aid of water and a graduated 
cylinder; this volume is then divided into five equal parts (as shown in the 
diagrams), the divisions being marked on the vessel with labels covered 
irith wax, , 
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by weighing again at the end of the experiment. (Wliat is the use 
of the tube (0) ?) 

Ah the weiglit^of a litre of water vapour (p.« 1(51) and that of a litre 
of carbon#dioxide (]>. OS) are known, the volume*v of these sub¬ 
stances which have beeif absorbed may he calculated. 

The u'ciyhl of oxygen in a known volume of dry air may lie 
determined by passing the air over heated copper «md iiuding the 



Fig. 34. 


increase in weight; as the density of oxygen is known (p. 85), its 
volume may then he calculated. The volume of oxygen in a given 
volume of air may also be determined by absorbing the gas with 
moist phosphorus in the manner already described. The volume 
of the nitrogen in the air is found by subtracting the sum of the 
volumes of the other components of the air. 

When air is thus examined it is found that the quantity of 
aqueous vapour varies very greatly and irregularly from day 
to day, and depends on many circumstances, hut to a great 
extent on the Inupernturu of the air. 3)ry air takes up 
aqueous vapour from water until it becomes so f urate* f, and 
the maximum quantity which may then he present depends 
on the temperature of the air.* 

The percentage of carbon dioxide in the air is not abso¬ 
lutely fixed, but varies so little, if only the air from open 

* One litre of air at lft' J saturated with aqueous vapour contains 0‘000 g. 
of water ; at 15 ,J , 0'012 g. ; and at 20", 0’0J7 g. If such saturated air bo 
cooled, a part of the water is deposited in the form of mist, rain, hail, 
snow. Ac., according to oircu in stances. One cubic mile of air saturated 
at ‘i»’ would deposit about 140,000 tons of water if cooled to 0°. 

* 

9 
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country is examined, that the variations are almost witlfin the 
limits of experimental error. Similarly the percentage of 
oxygen, although not absolutely constant, varies extremely 
litlle in different parts of tho world, nnd # so also thaff of the 
nitrogen. The composition of dried air from open places is 
thus practically constant, and is shown in the, following table : * 



By Volume.! 

lly WeijiM-t 

Oxygen 

. 20-99 

• 25 1 1.”» per cent. 

Nitrogen 

. 7805 

75*51 

Carbon dioxide . 

. 0 05 

0-05 

Other components 

. oyr> 

1-29 # 

As fresh air, five from 

water vapour, 

is practically constant 

in composition, so also 

is the weight 

of n given volume of 


such air under iixed conditions; 1 litre of dry air undar 
standard conditions (compare p. 159) weighs 1*1195 g., and its 
density (p. 65) is 14*4. 

In studying carbon dioxide and oxygen it was concluded 
that each of these gases is a definite substance (not a mixture), 
because different samples of the given gas have constant pro¬ 
perties ; further, it was concluded that calcium carbonate is a 
compound because it is constant in nmijmlOfion. Now since 
dry air is practically constant in propel lies and in composition 
(the slight observed differences might he due to experimental 
error), must it be concluded that dry air is a definite com¬ 
pound, formed by the combination of the various gases which 
can lie absorbed from it by the r/irwiml methods given above? 

In considering this question the first point to hear in mind 
is, that although samples of air may he taken from widely 
separated open places on fhe earth’s surface, it is extremely 
unlikely that such samples would differ in composition even 
had tho air been originally a heterogeneous mixture; it has 
been circulating during so many thousands or millions of 

* Owing to tho great variation in the percentage of aqueous vapour, 
analyses showing the cnmpOMtinu of air generally give that of dried air. 

■"‘By volume’ means that 100 volumes of air contain vidimus of the 
various gasos in the proportions given. ‘By weight’ means that IOC g of 
an- contain the given percentage irenjIds of Lhe various gases. 
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years that it would almost certainly have become homogene¬ 
ous by this time. In other words, it is only possible to 
obtain qne stfmple of ‘ fresh ’ air, and so the fact that this 
sample is practically Constant in properties and composition is 
of no value as evidence in deciding this question. 

Now it lias already been shown that when* two substances 
are merely mixed together, it is sometimes possible to sepa¬ 
rate them hy certain physical processes; such a process may 
be employed to separate the two gases oxygen and nitrogen, 
which are the principal components of the atmosphere. 



When air, freed from carbon dioxide, is shaken with cold 
water for some time the water dissolves, and finally becomes 
saturated with, the atmospheric gases; if now n flask (fig. 35) 
is completely filled with this volution, and the bent delivery- 
tube, which dips under a test-tube (a) is also filled with it, 
then on heating the solution huhhh'v appear long before it 
begins to boil, and the dissolved gases are expelled tie- 
cause the soluhilitt / of a gas (p. 66) diminishes as the tem¬ 
perature rises.* The dissolved ‘ air ’ may thus be collected. If 
now a stick of phosphorus is introduced and left in this ‘air,’ 
about 35 per cent, by volume is absorbed by the phosphorus, 
and there remains about 65 per cent, of gas which ex¬ 
tinguishes a lighted taper. The mixture of gases expelled 

• The water from which the gases have thus been expelled has a ‘ flat.' 
insipid taste, 
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from tlie water contains a much larger proportion of oxygen 
than docs tlie air, because the solubility of oxygen (p. 85) is 
greater than that (2'33 at 0°, TG5 at 15°) of nitrogei^. 

The two principal components of tho*air may thus be sepa¬ 
rated to some extent by taking advantage of a difference in 
their solubility (fractional solution), just*as two solid com¬ 
ponents of a mixture may sometimes be separated by 
fractional crystallisation (p. 32). 

This fact shows that the oxygen and nitrogen are probably 
mixed and not combined together;* further experiments 
conlinn this conclusion. 

One of the most obvious characteristics of chemical change* 
is the complete disappearance of all the specific properties^of 
the substances which take part in the change and the appear¬ 
ance of a set of totally new properties in the products. 
When, for example, oxygen combines with a solid clement, 
such as copper or phosphorus, the properties of the product 
have not the slightest resemblance to those of its constituents; 
and it is shown later that this is equally true when oxygen 
combines with a gaseous element. 

Now if a cylinder divided into five equal volumes is filled 
with and inverted over water, oxygen prepared by any of the 
usual methods can he bubbled up into the cylinder until one- 
fifth of the water is displaced. The mouth of ajar containing 
the gas (nitrogen) which remains after iron has rusted ill the 
air may then be brought under the cylinder, and the rest 
(four-fifths) of the water displaced by this gas. No sign of 
change is observed. The cylinder now contains something 
which is very much the same as ordinary ‘ail*;’ something in 
which a candle burns just as it does in air; something which 
has physical and chemical properties such as would be ex¬ 
pected of such a mixture of tlie two gases, and which would 

* There is an alternative conclusion if the results of this experiment only 
are considered, namely, that the gases are really combined, but that the 
compound which they form is decomposed by water. This alternative is 
conclusively disproved by other evidence. *' 

Inorg. q 


{ 


\ 
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not lie appreciably altered if a little more of either gas were 
added to it. 

For reasons such as the above, and for many others of more 
importance which are'given later (pp. 1 Ci<S and 270), it is con¬ 
cluded that the oxygen and the nitrogen of the atmosphere 
are not combined, blit are merely mixed together. 

In addition to the gases already mentioned, the atmosphere 
contains minute quantities of other components, such as sulphur 
dioxide (p. 229), hydrogen chloride (p. 1 12), and hydrogen 
sulphide (p. 216), which are produced in fires, manufactories, 
and ,so on; also traces of ammonia (p. 260) or ammonium 
nitrate, and possibly ozone and hydrogen peroxide. 

cMmoral dust and living particles (pollen, spores, germs, 
bacteria) arc also present in 11 ic air, and many of tin* last- 
named play an important part, heneiicent or baneful, in the 
world’s economy. 

Several other matters in connection with the atmospheres 
are dealt with later (pp. 1 -‘18, 139). 


CHAPTER XIII. 

Hydrogen and Water. 

When sulphuric acid (p. 39), diluted with water, is 
poured on to some iron filings contained in n test-tube a 
vigorous effervescence is observed owing to the escape of an 
invisible gas, and if a lighted taper be applied to tin* mouth 
of the tube a ‘pop’ is heard and the gas takes lire ; it is com¬ 
bustible. -An invisible combustible gas is also liberated when 
zinc or magnesium (but not when copper, mercury, or silver) 
is treated with dilute sulphuric acid; further, such a gas is 
also liberated when iron, zinc, or magnesium is treated with 
hydrochloric acid (p. 39). 

Observations of this nature were made by Cavendish about 
17tt6, and he named the gas ‘inflammable air.’ 
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In order to study this gas, one of the given metals, gene¬ 
rally granulated zinc,* is placed in an apparatus similar to 
that used in preparing earhon dioxide (iig. T9); Uie acid is 
poured down the funnel (<()* and tlie g.as is co/fer/etf over 
tidin'. The lirst cylinder of gas is not used, as if also contains 
air and the mfxt-ure is explosive. 

The gas is colourless, and, when prepared from good samples 
of metal and of acid, it has no smell. Impure materials give 
a gas whieli has a disagreeable odour caused by small quan¬ 
tities of other gases (impurities).f The g.ts does not sccuuto 
dissolve in water, but careful experiments show tlyiu its 
■ohihl/il // (p. t>()) is ‘J IT at O', 1 *S7 at In'. 

The gas burns when a lighted taper is put to if* if is 
inllammable and combustible, but the ilanie is almost invisible 


in daylight, and practically nnu-Iiniitrimix. A lighted taper 
pushed right into the gas is inu.iedialoly extinguished. } 

When a jar of the gas is left open for, say, tliiity seconds and 
then tested with a lighted taper, it is found that the gas has 
escaped ; hut when a jar of the gas is held mouth downwards 
for an equal length of time and then tested, the presence of 
1 he gas is shown. The gas therefore is lighter than air, into , 
"which it rises as a cork rises in water. 


In doing these experiments a mild or vigorous explosion is 
almost certain to occur when the lighted taper is placed to 
ilie gas, and it is noticed that this explosion is more vigorous 
when the gas has had an opportunity of mixing with the air. 
When a sound soda-water hott le about one-quarter tilled with 
wab ■■ and three-quarters with air is inverted in a trough mid 
the water is displaced by the gas, there results a mixture of 
air and gas which explodes violently when ignited. 

That the inflammable gas is lighter than air rail he shown 
in many other ways ; for example, the gas may ho ponrrd 


* Compare footnote on qiiantilies (|- p. 

t Ordinary commercial metals, acids, ami other substances are seldom 

iron* (p. IVA). 


+ The jar of gas is held ujnsiih-tlowii in showing that the gas extinguishes 
a lighted taper. * 
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upwards. A small jar (a) containing air is held upside-down 
just above the table, ami a larger jar (b) of the gas is brought 
close to it«as shown (lig. 36 ); the closed end of (h) is then 

• slowly brought 



downwards, as 
indicated by the 
arrow, to the posi¬ 
tion (r), and (a) 
is closed with a 
glass plate. On 
testing (a) with a 
lighted taper it is 
found to contain 
some of the gas, 
whereas the con¬ 
tents of (fj) do 



not ignite. 

A large beaker 
may also l>e sus¬ 
pended upside- 
down from one 


Fig. 36. 


arm of a balance 
and counter¬ 


poised-; some of the gas may then be poured upwards into the 
beaker, which rises as the air is displaced by the lighter gas. 

Balloons of very thin india-rubber, or of collodion, tilled with 
the gas, rise in the air ; so do soap-bubbles blown with the gas. 
The gas in the bubbles may be ignited as the bubbles ascend. 

Different samples of the gas obtained by using any of the 
metals already mentioned, and either of the acids, show the 
qualitative properties described above. When such samples 
are carefully washed (p. 67), further purified if necessary, 
and dried (p. 67) -they arc found to be identical in every 
respect; they have all exactly the same solubility in water; 
a litre of every sample measured under standard conditions 
weighs exactly 0*0899 gram. These facts, and many others 
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given later, show that the gas is fixed and constant in pro¬ 
perties; it is a definite substance and not a mixture. It has 
never yet been decomposed; it is an eleineflt, an^i is called 
hydrogen (p. 105). Hydrogen is the lightest substance 
known, and its density is taken as unity, that of all other 
gases being expressed in terms of this standard; it is 240,000 
times lighter than an equal volume of platinum. It is known 
to exist in the sun’s atmosphere. 

The fact that all the three metals named above (and others 
as well) give rise to hydrogen when they are treated with 
dilute sulphuric or hydrochloric acid might be accounted for 
by assuming (1) that hydrogen is contained in all the metals, 
and that the acid sets it free or liberates it, just %s jicid 
liberates carbon dioxide from calcium carbonate; (2) that the 
hydrogen is contained in both the acids named, and that 
the metals set it free ; (3) that the hydrogen is set free from 
the water in which the acids are dissolved. 

As it has already been stated that the metals are elements, 
it is obvious that the first of these assumptions can be shown 
to be untrue. How this might be done may be indicated. 

In the preparation of hydrogen by any of the above^ 
methods the metal disappears entirely if sufficient acid is 
used,* and on evaporating the solution a substance totally 
different from the metal is obtained in crystals; thus the 
solution obtained from iron ami sulphuric acid gives crystals 
of green vitriol (p. 226) ; that from zinc and sulphuric acid, 
white vitriol. The metal, therefore, has been changed, and has 
dissolved chemically in the acid. Now the weight of the 
substance formed is far greater than that of the metal used; 
some matter has combined with the metal. This does not 
prove that the hydrogen cannot have come from the metal, 
because the metal might have gained more matter by com¬ 
bination than it lost by the liberation of the hydrogen; but 

* When impure metals are used relatively very small quantities of 
in soluble black particles often remain. These cannot be the metvl; they 
are separated by filtration. * • 
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it can be proved that the product, green vitriol, for example, 
contains (m a combined form) the whole of the metal which 
was used*silled the whole of that metal may he obtained again 
from the given vitriol by cm lain processes in ■which no 

hydrogen or compound of hydro¬ 
gen is employed. " 

As to the second and third 
assumptions regarding the origin 
of the hydrogen, the fact 
that water and metal do not 
give hydrogen until the ‘acid* 
is added secn/s to indicate that 
the gas comes from the latter; 
this inference is shown to lie 
correct by experiments to be 
described later (footnote *, p. 140). 

AVater. 

AVlien hydrogen, prepared 1>y 
any method and conveniently con¬ 
tained in a t/Ht-hoft/er* (tig. 37), 
is passed successively through, 
r, iig. 3S) containing anhydrous 
calcium chloiide, all water vapour is absorbed, probably 
by (n) alone,f When it is thought that the air has been 
displaced from the apparatus a test tube is inverted over the 
outlet (<l) for a minute, and tin* gas is te.-ted by taking 
the tube (closed by the thumb in transit) to a llunsen- 
flamc. If and when the gas takes lire quietly, the hydrogen 
escaping from (<!) may he lighted, and a clean, dry gas-jar 



I'i.-r. 37. 


say, tliree lubes (ft, />, 


* The chamber (a) is filled with water, and the gas is introduced through 
the tubulure (h), the displaced water running out; this tuhul.ire is then 
stoppered with the tap (r). "When a stream of the gas is required the 
tap (U) is opened ; tlje pres'-ure of tlie water drives the gas through the 
outlet tube on opening the tap <e). 

+ if b‘) is weighed before and after the experiment it should show no in- 
crea^b in weight, proving that only dry gas has passed through it. 
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held over the flame ; it is then noticed that the glass jar be¬ 
comes covered on the inside with a dew, which looks like con¬ 
densed steam. If kept .over the flame for some tiin§ the jar 
gets hot, and the dew is then no longei*dcposited; but if the 
iiamc i,; allowed to play on to a dry retort (a, fig. 39), kept 
cool by a streafti of cold water inside, the dew is deposited on 
the retort and drops of liquid fall into' the basin below.* This 
liquid is tasteless and odourless; it freezes at 0° and boils 



at 100°; 1 c.c. of it at 4° weighs 1 gram ; when added to 
anhydrous copper sulphate (p. 36) the latter turns blue; 
when poured over quicklime slaking occurs. The liquid, 
therefore, is water. Water is obtained when dry hydrogen 
burns in the air. 

It seems hardly possible that this water can have been 
obtained by the condensation of the water vapour in the 
aii', because the air is heated by the llame of the burning 

* Tlio end of the tube at which tlio gas is burnt is made of platinum, 
»s melts after some time in the hot llame. 
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gas; nevertheless, the experiment may be repeated, using 
dried air as well as dried hydrogen. 

For this purpose a stream of air dried with the calcium 
chloride tube ( a , fig.* 40) is passed through the chamber 
for some time, (b) and (r) being closed with corks, and then 
a burning jet of dry hydrogen is inserted at* (b) as shown; 
water is obtained as before, and collects in the calcium 



Fig. 3ft 

chloride tube ('/), which may be weighed before and after the 
experiment. Sulphuric acid is used to dry the gas (p. 67). 

It is thus proved that water is fanned or produced when 
dry hydrogen is burnt in dry air. 

Now it has been shown that in certain other processes of 
‘burning* the burning substance combines with the oxygen 
of the air. Is this so in the case of hydrogen, and is the 
product, water, a compound of hydrogen and oxygen 1 If so, 
dry hydrogen should burn in dry oxygen, forming water, and 
both the elements, as gases, should disappear. 

This conclusion may be tested in the following manner. 
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Firstly, dried hydrogen is burnt in dried oxygen in the 
apparatus already shown (fig. 40); the dame is larger and 
brighter than when air is used, hut otherwise*the icsults are 
similar : water is formed. A jet of bifrning hydrogen is now 
introduced into a narrow bell-jar filled with oxygen (fig. 41), 
the cork (a) ‘fit¬ 
ting tightly; as 
the hydrogen 
bums the water 
rises in the bell- 
jar, showing that 
oxygen as well 
as hydrogen is 
being used lip. 

It is thus 
proved that 
water is a com- 
pound of hydro¬ 
gen and oxygen; 
its synthesis (p. 

7.‘1) from these 
two elements was 
first accomplished 
by Cavendish in 
1781. The name hydrogen (which signifies water-producer) 
was given to this gas by Lavoisier. 

When dry copper oxide is heated in a stream of dry 
hydrogen a liquid is obtained. 

The copper oxide is placed in a tube, and hydrogen, care¬ 
fully dried with calcium chloride, is passed through the tube; 
after it is proved that the air has been expelled (p. 102) the 
copper oxide is heated. The black powder changes and copper 
appears; after some time, a liquid is deposited on the colder 
parts of the tube, and may be collected; it can be proved that 
this liquid is water. This is another synthesis of water. 

.This experiment also shows clearly that one clement may 
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withdraw another from a compound of the latter; copper oxide 
does not chalice when it is lieafed alone or in air, but when 
it is hoiked v*ith hydrogen, water is formed by the combina¬ 
tion of the oxygen ;nd hydrogen. If, instead of eop])oroxide, 
some litharge (oxide of lend) or oxide of iron is used a similar 
result oeeurs, and the oxide is said to be whin'l to the metal. 

Hydrogen, however, docs not 
reduce all oxides under such 
conditions. 

There are many oilier ways 
in which water may be formed ; 
in fad, this compound is very 
generally produced when sub- 
slanoes containing nnnbimd oxy- 
!_!<*u are ‘ treated ' with those eon- 

n 

taining ruinin'ned hydrogen under 
suitable conditions (pp. 147, 224). 

The dnrotn post! ion of water 
was first accomplished by 
Lavoisier (17*S:i), who found 
that hydrogen is liberated 
when wafer vapour (steam) 
is passed over red • hot iron. 
.Apparatus suitable for this ex¬ 
periment is shown in fig. 42. 
pjjr. 4 i. Steam, generated in (o), passes 

th lough the iron tube (b) f 
which contains iron nails heated to redness; when a gas- 
jar filled with water is inverted over the delivery-tube (/■) 
it is rapidly Idled with a gas, which can he, proved to be 
hydrogen. On examining the nails after the experiment they 
are found to be coated with a black substance, .and if they are 
carefully dried and then heated in a stream of dry hydrogen 
water is obtained and iron remains. 

It is thus shown that iron decomposes water at a red- 
heat, .hydrogen and oxide of iron being produced; also that 
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hydrogen decomposes oxide of iron at a red-heat, iron and 
water (oxide of hydrogen) lining formed. This is another 
example of a. reversible chemical change (p. 86). , 

Some oilier metals decompose water ;ft high temperatures - 
magnesium, for instance. Jf a piece of magnesium ribbon, 
burning in thft air, is dipped into a Hash* from which steam 
is escaping rapidly, the magnesium- continues to burn in 



the steam; it decompiles the eompoimd water, forming 
magnesiuni oxide and hydrogen, and as the hulrogen escapes 
into the air it also takes lire and combines with atmospheric 
oxygen, forming water again. Some metals, such as sodium 
and potassium, decompose water and liberate hydrogen when 
they are thrown on to cold water;* the metal disappears, 
and there is formed a solution of caustic soda (p. 78) or 
caustic potash (p. 7I>), as the ease may he. Topper does not 
decompose steam, f 

* Tim shuU'iit should not. try this experiment except under supervision, 
otherwise dangerous accidents may happen. 

1 Although metals as a class have certain properties in common, each 
inetal is a distinct element, and as the behaviour of one element cauuot. ua 
a rule, bo foretold from that of another, it is necessary to ho very careful in 
drawing any conclusions based on analogy—that is to say, on a puibable 
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It is also possible to obtain both hydrogen and oxygen 
from water in a single experiment by making use of an 
electric ieurrerit. The apparatus shown in fig. 43 is called 
a voltameter. Watef, to which a few drops of sulphuric acid 
nave been added, is poured into (a), and the hips are opened 



until the water completely fills the two tubes (b, b); plates 
of platinum (e, r) are fastened to pieces of wire, which pass 
through the rubber stoppers (d, d), and are connected with 
the terminals of a suitable source of electricity (p. 297). When 

resemblance of two elements. Thus, although copper and iron both com¬ 
bine with oxygen to form oxides, and iron decomposes water at high 
temperatures, copper does not; hydrogen decomposes both these oxides 
at high temperatures, but does not decompose calcium oxide or magnesium 
oxiefe. 
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the electric current passes bubbles are seen to form bn the 
platinum plates uml rise in the tubes; after some time 
both tubes contain colourless gases, but in one the volume 
of the gas is just twice that in the other. The gas 
of which there is the larger volume can be identified as 
hydrogen, the «>ther as oxygen: The water has been decom¬ 
posed into its elements; its qualitative analysis (p. 73) has 
been completed. 

Instead of collecting the two gases separately, they may be 

collected together. The wires (<t, a, fig. 44) through which 

* 

the electric current is conducted pass through glass tubes idled 
with sealing-wax, and are connected with the platinum jflates, ’■ 
which are immersed in the acidified water. The mixture of 
two volumes of hydrogen and one volume of oxygen, which 
escapes through the tube (/;), is called e/rrfroh/tic yas, and 
is extremely dangerous, since, when it is heated or ignited, 
the elements combine instantaneously and a very violent 
explosion results. The explosion is much more violent than 
in the case of a mixture of hydrogen and air, because there 
is no nitrogen present to damp or hinder the (chemical) 
combination. 

The explosion of electrolytic gas is most safely shown by letting 
the gas bubble through mhiic, soapy water contained in a veiy 
shallow vessel or on the palm of the hand. When some soap- 
huhhles have thus been formed and the apparatus removed to a 
safe distance the gas in the bubbles may be ignited with a taper. 

Percentage Composition of Water. —The quantitative 
analysis of water can be made in many ways. The prin¬ 
ciple of one important method is as follows: A large weighed 
quantity of dry copper oxide is placed in a tube and heated 
in a stream of dry hydrogen, as described already; some of 
the copper oxide is reduced (p. 106), arul water is formed ; 
tlie water is collected in weighed tubes containing calcium 
chloride. After some time the operation is stopped, and the 
weight of the water which has been produced is ascertained 
by weighing the calcium chloride tubes; the mixture of 
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eoppor'and copper oxide is weighed, and the weight is snlv 

traeted from llie original weight of ilir*. copper oxide ; the 

difference or h-w gives the weight of tin; n.npioit which has 
. e 1 ° '' 

been withdrawn b\ ayd combined with the hydrogen. Thu 

weiglit of tin* combined /u/drui/i'ii in the known weight of 

water thus funned,is obtained by subtracting* the weight of 

the oxygon. 


Such a method was first employed in 1820 by licrzelius 
and Ihilong, and the result of one of their experiments was: 
Weight of water, tbO-VJ g. hoss of weight of eo]»|ier oxi'le, 



Fig. 45. 

9*0:.)2 - 8*051 = l'OOl g. of hydrogen; hence the percentage 
composition of water is, oxygen SK-JM, hydrogen 11‘06. The 
average result of several experiments was, oxygen 88*!)0, 
liydrogen U'lO; and that of a large number of similar 
experiments carried out by I bunas in iKj:}, oxygen K8*Nf;, 
hydrogen 11‘M per cent. The resulis of more recent ex- 
periments give the values, oxygen — 88-SI, hydrogen 1MJ) 
per cent. 

in order to obtain accurate results in this, as in other 
analyses, the greatest care lias to be taken. For example, 
the copper oxide and the hydrogen must be absolutely drv ; 
they must both be pure; every trace of water formed must 
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he collected. For those reasons the apparatus employed l>y 
Dumas was rather complicated, as shown in fig. 45 and briefly 
described below. • 

Hydrogen is generated in the bottle p/), Vliieli is provided with 
a safety-valve {ft), a in he dipping under mercury. The gas is 
passed through Abe tubes (r), wiiich contain various substances 
c:i|>:ible of absorbing known or possible impurities in the gas, ami 
then through the tidies (tf), which contain phosphorus pentoxide, 
find are immersed in a freezing mixture to ensure the absorption of 
cvoi\ trace of aqueous \apour. The lube (c) contains phosphorus 
pentoxide, and is weighed hefoie and after the experiment; ^t 
should not show any increase in weight. The bulh (f) contains 
jmre dry copper oxide, ami is weighed before and after the e^peri-* 
ment; the water which is formed is collected in (<j) ai d in the two 
t.uhes [It), (//j), (the latter being immersed in a. fiee/ing mixture,) 
which ,‘iie weighed hel'oie and after the expeiiment. The hydrogen 
in ( /'), ( 7 ), (//), ami (/<,) is, «>f cour-e, disphieed by dry ail before the 
second weighing. (/) is a weighed tube containing phosphorus 
pentoxide; if all the water is absoibcd in (//), (//), and (/q) this tube 
should not sltmv any gain in weight. (./) is lilleil with phosphorus 
pentoxide, and serves to prevent atmo-pheiic ninUturc from entering 
1 he apparatus ; the outlet-tube dips under mercury. 


The close agreement, between the results of Tlerzolius 
and Dulnng, those of .Dmnas, obtained twenty-three years ' 
later, and those of quite recent times, illustrates excep¬ 
tionally well the Jaw of constant, composition or definite 
proportions (]». 511). Tbe great contrast between the properties 
ol llm cohi/Httntrf water and those of the mlshnY electrolytic 
gas also aflbrds u good opportunity of noting the great ditl’er- 
ences which may exist between a compound of two gaseous 
elements and a mere mixture of tbe two. Although water 
vapour or steam resembles electrolytic gas in being ‘gaseous/ 
most of its properties are absolutely dillerent from those of 
the mixture. 


Water in Nature. — l he 

covers about three-quarters 


great abundance of waiter (it 
of the earth’s surface), its nre- 


senoe in the atmosphere, in the soil, and in all animal and 
vegetable organisms, render it one of the most, important and 
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best-knbwn compounds. Its physical constants have already 
been dealt with, and also its action as a solvent (p. 20). 

When f aque#us vapour, formed by the evaporation of sea- or 
fresh-water, becomes condensed into rain, the liquid thus formed 
is probably very nearly pure—it has been distilled (p. 13). 
But as the rain falls through the atmosphere it dissolves 
some of the gases, more especially carbon dioxide, oxygen, 
and nitrogen; solid matter—dust (p. 98)—is also dissolved 
or brought down mechanically. As soon sis the rain reaches 
the earth it begins to take up other impurities, for although 
tfie materials composing rocks and soils (p. 290) are only, as 
'a rule, very sparingly soluble in water, they dissolve, never* 
theleso, to a slight extent, the physical action of the, water 
being greatly assisted by the previous chemical action of the 
carbon dioxide winch it coni a ins. The water, which then 
flows into streams or sinks into the earth, perhaps to reappear 
as well- or spring-water, continues its solvent action, and 
finally some of it again reaches the sea, and the cycle 
recommences. 

The quantity and the nature of the substances contained 
in different samples of fresh-water vary very largely, and 
depend on the nature of the soil or strata over or through 
which the water has passed. Some of these dissolved sub¬ 
stances have a great effect on the behaviour of the water, as 
explained later (p. 280). Sea-water, although it is continually 
receiving fresh quantities of dissolved matter, and losing pure 
water by evaporation, does not seem to alter appreciably in 
character, and contains about 3 6 g. of dissolved solids in 100 g. 
of sea-water; its specific gravity is about 1*03 at 0 U . 

For drinking purposes it is not the dissolved mineral matter 
contained in ordinary fresh-water which is of so much 
importance, but the number and the nature of the living 
organisms or bacteria which may be present; hence the 
necessity of filtration (p. 22). 
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CHAPTER XIV. 

Carbon. 

Charcoal.—-"When wood has been burning ami the fire has 
died out, there, remains a gray powdery material (wood-ashes), 
jiud ;iuy pieces of wood wliich have not been thoroughly 
burnt are, blackened or charred where they have been heated; 
such charred wood, or charmal, lias huen known from early 
times, and in countries where wood is plentiful it is pnjpared 
l)j the process known as ‘charcoal-burning.’ Small logs or 
billets of wood are built up into heaps and covered witTi s*>ds 
or earth, a shaft being left in tin* middle to serve as a 
chimney, and small holes at the bottom fur the admission of 



Fig. 4fl. 


air (fig. 4f>). The burning is started at the bottom, and the 
supply of air is then carefully limited, so that the wood only 
smoulders. After some weeks the fire dies out, and the 
product is wood-charcoal. 

Wood-charcoal may lie quickly made on a small scale by 
heating some tin/ chips in an angle-tube (tig. 14, p. 36). At first 
aqueous vapour escapes, hut soon the wood begins to ‘char,* 
ftnd inflammable gases are given ofr, together with watery and 
tarry liquids which condense in the receiver (b); finally all 
signs of change cease, and wood-charcoal remains. It is clear 

Inory. g * 

t . 
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that chemical changes have occurred ; the materials of which 
wood consists do not melt or boil, but decompose. 

Charcoal is sometimes prepared by heating wood in iron 
retorts ih order to utilise the valuable gaseous and liquid 
products (p. 277). ° 

The term destructive distillation is applied to a process such 
as this in which a compound or a mixture of com pounds 
decomposes, forming a (liquid) distillate totally different 
from the original compound or mixture. 

A piece of wood-charcoal has the fortuitous shape of the 
Wood from which it has been prepared, and is amorjdtous 
6 (p. 3* 1 ); it is black, very brittle, very porous, and insoluble 
in water. When placed in water it floats, because it is 
buoyed up by the air in its pores; hut when the water on 
which the charcoal is floating is boiled, this air is slowly 
expelled, and ultimately the charcoal sinks. Its specific 
gravity is about 1‘5. 

When a piece of freshly healed wood-charcoal is passed up into a 
tube containing a dry gas confined over mercury, tin* volume of the 
gas diminishes; the gas is absorbed by and 'condensed’ in the 
pores of the charcoal. When the charcoal containing it is heated 
in a vacuum the absorbed gas is given up again, and as both the 
charcoal and the gas are thus recovered unchanged, and as the 
volume of the gas absorbed is indefinite, and depends on the physical 
state of the charcoal, it is supposed that chemical union does not 
occur; the gas is said to he occluded.* On account of this property, 
charcoal is used in hospitals and elsewhere for absorbing noxious 
gases. 

It is well known that charcoal burns in the air without 
smoke, leaving a gray, incombustible powder known as ash. 
The quantity of this ash is easily estimated by heating a 
weighed quantity of the sample, and weighing the residue 
until constant. The percentage varies from O’b-4'O with 
different samples of charcoal. Now when elmrconl is heated, 

* I volume of charcoal may absorb (occlude) as much as 9 volumes of 
oxygen, 85 volumes of hydrogen chloride (p. 142), or !*0 volumes of nnnnonia 
(p. 260) at ordinary temperatures and pressures; at very low temperature 
absorption is so complete that almost perfect vacua may be obtained. 
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even very strongly, out of contact with the air, it tides not 
1,iii’u or change in any way. The filaments which are made 
white-hot in the ordinary electric lamps are •charcoal, but 
they do not burn because all the air ha^Lcen pumped out of 
the bulb. It may he inferred, therefore, that the burning of 
charcoal is caused by its combination with fynne gas—probably 
I he oxygen—of the air, and also, since part of it (the ash) 
docs not burn, that charcoal is not homogeneous. 

When a piece of dry charcoal is kindled and plunged into a 
jar of dry oxygen, it burns much more vigorously than in the 
air : as a rule the sides of the jar become temporarily covered 
wilh a film of moisture, a fact which shows that chrfl’coal • 


contains (combined) hydrogen (p. 103). When theb gas 

remaining in the jar is shaken with lime-water the solution 
becomes milky, and it can he, proved that this is due to the 
precipitation of calcium carbonate; the jar, therefore, con¬ 
tained rarhoit tfiu.rirff. Now it is possible, by the method 
described later, to collect and weigh the carbon dioxide which 
is formed when a known weight of charcoal is burned in 
ox\geii ; it is thus proved that 1 g. of charcoal gives about 
to H’5 g. of carbon dioxide. This fact shows that carbon 
dioxide is a romjjoutit7 t because it is produced by the com¬ 
bination of some of the charcoal matter with oxygen; more¬ 
over, since the weight of this compound and the weight of 
the ash obtained from a given weight of charcoal vary with 
different samples, it is also proved that charcoal is not a pure 
substance. 


This discovery that charcoal is not a definite sub¬ 
stance is not surprising. (Ironing plants require mineral 
food, which is dissolved by water and absorbed bv their roots. 
The wood from which charcoal is made is not a definite 


substance, and consequently does not give a pure product, 
even when it is heated until constant out of contact witli the 


m>. As charcoal is insoluble, not only in water hut also in 
all other ordinary liquids, it cannot he purified by crystallisa¬ 
tion ; nor can it bo distilled, as it does not even melt w]ien 
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made white-hot. In fact, it cannot be purified by any of the 
ordinary methods (p. 33), and tlio only way in which it can 
be easily changed in the laboratory is by burning it. 

Carbon.—Most vegetable substances leave some ash when 
they are burnt; but a few, which have undergone purifica¬ 
tion, as, for example, ordinary sugar, leave noiyj. When sugar 
is heated in an angle-tube (fig. 14, p. 30) out of contact with 
the air, it gives gases and liquids, and finally there remains a 
black, brittle substance, rather like wood-charcoal in appear¬ 
ance, which burns in oxygen, forming carbon dioxide. This 
Substance is called suijar-rlmmud. 

Ntnv, as sugar is known to be a pure compound, the sugar- 
charcoal prepared from if by healing until constant (in 
aUsence of air) might also be expected to lie a pure substance 
(p. 69). This is the ease. When dillercnt samples, prepared 
with great care at the highest possible temperature, are com¬ 
pletely burnt in oxygen in the manner described later 
(p. 123), and the carbon dioxide is collected a ml weighed, 
1 g. of the charcoal always gives 3*6 g. of carbon dioxide. 
Sugar-charcoal, therefore, is a purr substance, because it com¬ 
bines with a lixed proportion of oxygen, forming the compound 
carbon dioxide. Sugar-charcoal has never been decomposed; 
it is an element, and is called carbon. 

Carbon dioxide, one of the most important carbon com¬ 
pounds, is composed of ] g. of carbon united with 2*G g. 
of oxygen; its percentage composition, therefore, is carbon 
27*27, oxygen 72*73 (p. 125). 

Most crude animal and vegetable materials behave like 
wood when they are heated out of contact with the air, and 
give residues which consist partly of carbon, partly of mineral 
matter. Such residues burn, giving carbon dioxide, when 
they are heated in the air, and leave an incombustible ash. 
Animal and vegetable matter, therefore, consists of, or contains, 
carbon compounds. 

Dried blood heated out of contact with the air gives 
a residue known as animal or blood charcoal , while bones 
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yir>ld bone-blade, a mixture which contains a very largfe pro¬ 
portion of mineral matter and less than 10 per cent, of 
carbon. Lamp-hlaclc or soot (p. 134) consists almost entirely 
of carbon. • 

When a .solution of litmus is passed through an ordinary 
filter-paper, the filtrate is just as highly coloured as the 
original liquid, because the litmus is in solution and not in 
suspension (p. 22); when, however, a litmus solution is 
passed through a charcoal filter, some or all of the colouring 
matter is retained by the charcoal, which has the remarkable 
property of absorbing many substances from their solutions. 
This is best shown by adding some animal charcoal to a \$arm ' 
litmus solution, shaking for a few minutes, and then filtering; 
tile liltrate is colourless. This property of charcoal is applied 
commercially. Coloured impure solutions of brown sugar, for 
example, are boiled with animal charcoal, whereby the colour¬ 
ing matter is removed. On evaporating the filtered syrup, 
white sugar is obtained. 

Wood-charcoal is used in making gunpowder (footnote t* 
p. 241), hut its principal use is as a fuel. 

Coal. —The * decay ’ of vegetable matter covered with earth 
or water—that is to say, out of contact with the air—is in 
some respects a process similar to charcoal-burning. The 
compounds of carbon decompose, gases are given off (marsh- 
gas), the materials darken, and the percentage of carbon in 
the residue gradually increases. It is in this -way that the 
different varieties of rant have been formed from vast deposits 
of vegetable matter in the course of thousands of years. 

Ordinary coal contains from 70 to 90 per cent, of carbon, 
according to its age; also hydrogen (5-7T) per cent.), oxygen, 
sulphur (p. 211), and niti •ogeu. These four elements are 
*'<nnbiimi together, and form, no doubt, a great many dif¬ 
ferent solid compounds. Coal also contains many other 
compounds, which remain in a more or less changed condi¬ 
tion as ash when coal is burnt. This ash, or ‘ mineral * 
matter, varies from 1 to 20 per cent. There are ln^ny 



118 


CARBON. 


differ&it kinds of coal. AnflmtcUe is a ‘smokeless’ coal 
which contains 94-98 per cent, of carbon. 

When coai is strongly heated out of contact with air, it 
undergoes destructive distillation (p. 114), it* components are 
decomposed, and the elements contained in these compounds 
form a great number of new substances. Ordinary coal-gas, a 
mixture of many gases, is thus produced; also gas-liquor 
(p. 267) and coal- or gas-tar. The residue, coke, consists 
largely of carbon, but contains all the ash of the coal. 

Graphite. —Several black materials besides coal are found 
in the earth in relatively small quantities; among others, 
thatf’kiiou n as yraphite. 

Graphite occurs in beds or in separate lumps ; it is rather 
sfcel-gray than black, often shows a bright lust-rc, and is some¬ 
times found in large, distinct crystals. It, is easily powdered, 
giving small scales which have a slippery or greasy feel, as 
they slide over one another lm*]\. For this reason graphite 
is used us a machinery lubricant in places too hot for oil. It 
leaves a black streak when drawn acros* paper, &c. (tjrapho, 
‘I write’), as its scales easily rub off, and when mixed with 
fine clay it is used for making so-called ‘lead’ pencils;* 
it is also used (under the. name of hlaek-lead) for coating iron, 
as a conductor of electricity, and for making plumbago 
crucibles. The specific gravity of graphite varies from 2 0 to 
2‘6, and its crystals are said to he hexagonal. 

When finely powdered graphite is strongly heated in an 
open crucible it does not seem to ‘ hurn,’ hut on long continued 
heating most of it disappears, and a gray or reddi*h-brown 
incombustible ash remains, amounting perhaps to about 5 per 
cent, of the graphite taken. If heated in a glass tube in a 
stream of oxygen, graphite burns brightly; on passing the 
escaping gas through lime-water, calcium carbonate is pre¬ 
cipitated; hence graphite contains carbon. Quantitative 
experiments carried out as described later (p. 123) prove 

Graphite was once thought to he lead, or to contain lead, as indicated 
by the name * black-lead.’ 
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that after allowing for the 5 per cent, or so of ash or mineral 
matter, 1 gram of graphite gives about 3*63 grams of carbon 

3*63 x 27*27 

dioxide, which corresponds with about # -——— = 0*99 g. 


of carbon ; graphite, therefore, is impure carbon mixed with 
some muieial matter. * 


Diamond. —A transparent, sparkling dinmond , showing a 
beautiful play of colours, has apparently little in common 
with graphite or charcoal, and yet a diamond consists of 
nothing but the element curium, neglecting a minute quan¬ 
tity (less than 0*2 per cent.) of impurity. This is proved as 
follows : AYhen a diamond is strongly heated in oxygen it* 
burns, lormilig carbon dioxide ; by burning a known trejght 
in a stream of pure oxygen and collecting and weighing the 
carbon dioxide which is thus formed, it is found that a unit 


weight of diamond gives 3*0 units of carbon dioxide, just as 
does pure (sugar) carbon, the minute quantity of negligible 
impurity remaining as ‘ash.’ 

Diamonds are found in South Africa, India, Brazil, and 


other places, and the natural ‘stones’ are dull but crystalline 
(the crystals being generally octahedral). For use as gems a 
they are cut and polished, but as the diamond is the hardest 
known substance, it has to be polished with diamond dust ; 
its specific gravity is 3*5 to 3*6., and it is the densest known 
form of carbon. 


The three varieties of the element carbon, namely, char¬ 
coal, graphite, and diamond, differ from one another in many 
physical properties, but they are all infusible even at a white- 
heat, and insoluble in water and acids. Molten iron, how¬ 
ever, dissolves carlion, and when iron ores are heated with 
coke or coal in order to obtain the metal, the latter dissolves 
amorphous carbon. On cooling, some of this dissolved 
carbon separates out in opaque lustrous crystals of graphite; 
under certain conditions, however, a few microscopic trans¬ 
parent crystals of diamond are also obtained, ns has been 
shown by Moissan. Further, when amorphous carlion is 
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heated very strongly out of contact with air it is transformed 
into a substance similar to graphite. I >iamoinl is also changed 
into graphite under these conditions. 

Since, ignoring possible impurities, charcoal, graphite, and 
diamond all consist of one and the same kind of matter, 
namely, the element carbon, why have tfiey such very 
different physical properties? As tin 1 impurities, if any, 
could hardly cause these differences, it may be supposed that 
the particles of the carbon matter are arranged or disposed 
differently in the three varieties, the amorphous form having 
^no definite cr geometrical structure (compare p. 214). 


CHAPTER XV. 

Some Compounds of Carbon. 

Carbon Monoxide. —The gas earl urn dioxide, which is so 
easily prepared from calcium carbonate (]». 62), and which 
is formed when any variety of carbon i* burned in oxygen or 
in the air, undergoes a remarkable change when it is heated 
with charcoal. This can be shown by slowly passing dry 
carbon dioxide through a long iron (ur glass) tube containing 
coarsely powdered charcoal, and strongly heated in a furnace ; 
the escaping invisible gas is collected over water, and as it is 
extremely poisonous, and lias no smell by which it" presence 
might be recognised, the greatest care must lx; taken not to 
let it escape into the room.* After collecting some jars of 
the gas in the usual manner, it can he shown that it is in¬ 
flammable and burns with a beautiful blue, almost non- 
1 ominous flame j also that it is proof ioally insoluble in water. 
This gas is called carbon monoxide. Obviously the carbon 
dioxide has changed, and yet it lias been healed with car- 

* Many fatal accidents have occurred with thin and it* preparation 
should only he undertaken by an experienced person, preferably in a cood 
draught chamber. 
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l>on only. As carbon dioxide is not changed when it is passed 
ihrough a hot empty iron tube, it may be inferred that carbon 
dioxide and carbon combine together, or tlnft soqje of tlie 
oxygen in carbon dioxide is taken awa^bv the red-hot carbon. 

The sample of gas obtained in the manner described above 
will almost cdHainly precipitate calcium* carbonate when it 
is shaken with lime-water ; this might he expected, as it is 
not improbable that some of the carbon dioxide may have 
escaped contact with the carbon. In order to remove any 
unchanged carbon dioxide, the gas may be passed through 
tubes containing soda lime attached to the end of the iron 
t.,be. When a jar of tin* gas thus puritied is shaken with* 
lime-water a precipitate is not formed ; hut if the gasts now 
ignited and the contents of the jar again shaken, a precipitate, 
which can In* proved to be calcium carbonate, is obtained. It 
is thus proved (1) that enrhem dioxide is formed when carbon 
monoxide burns in the air; (2) that carbon monoxide contains 
carbon ; and since the gas is not carbon only, (.'!) that it also 
contains oxvgen. As it combines with oxvgen to form carbon 
dioxide, it must contain a smaller proportion of oxygen (a 
larger proportion of carbon) than does carbon dioxide. 

Carbon monoxide may he prepared from several cnrlxm 
compounds (p. 2K2). The purified gas obtained by different 
methods is constant in properties ; its density, for example, 
is always 14, and its s nhifiilihj in water 2 4 at 15°; a given 
weight of the gas always gives a fixed weight of carbon 
dioxide, when it is burned (p, 122); the gas, therefore, is a 
definite substance. 

Carbon monoxide, is often formed in an ordinary coal or 
wood fire (p. 122) and in charcoal stoves and foot-warmers. 
When the gases from such burning materials are not led into 
a chimney, they may cause fatal accidents; coal-gas is so very 
poisonous because it contains carbon monoxide. 

At a moderately high temperature carbon monoxide, like 
hydrogen, withdraws and combines with the oxygen contained 
in copper oxide; the metallic oxide is ‘ reduced ’ and carbon 
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dioxide is formed by the * oxidation ’ of the monoxide. As 
the percentage composition of carbon dioxide is known, that 
of carbon monoxide may be determined by a method very 
similar to that used in the ease of water (p. 109). The dry 
gas is passed over a weighed quantity (excess) of heated 
copper oxide, and the carbon dioxide is colle<*ued in weighed 
tubes containing soda-lime; the loss in weight of the copper 
oxide gives the weight of oxygen which lias combined with 
the carbon monoxide. 

The following example shows how the composition is calcu¬ 
lated from the result: Weight of carbon dioxide collected, 
*17*6(76 g. Loss in weight, of copper oxide --- weight of 
oxygen, 6*401 ; therefore the weight of carbon monoxide 
winch has combined with 6*401 g. of oxygen is 17*606 - 
6*401 = 11*205 g. "Now carbon dioxide contains 27*27 per 
cent, of carbon and 72*73 per cent, of oxygen (p. 125); there¬ 


fore 17*606 g. 


contain 


17*606x 27*27 

100 


4*801 g. of carbon 


and 


17*606 x 72*73 

100 


= 12*805 g. of oxygen. 


As the whole of 


the carbon was already present in the carbon monoxide 
burnt, 11*205 g. of this gas consist of 1*801 g. of carbon 
and 6*404 g. of oxygen. The percentage composition of 
carbon monoxide is thus found to be, carbon - 42*85, oxygen 
= 57*15, a result which has been established by many 
analyses. 

Sugar. —Common sugar, which is obtained from the sugar- 
beet and from the sugar-cane, is a well-known colourless, 
crystalline substance, readily soluble in cold water and having 
a sweet taste. When gently heated it changes its state and 
melts, but at higher temperatures it decomposes and chars 
(p. 116). The fact that carbon is obtained when pure dry 
sugar is heated in absence of air proves that sugar is a 
compound of carbon; the liquid product, which is also 
formed in this process, is a mixture, from which by fractional 
d is libation and other methods water may be isolated; hence 
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sugar contains the elements hydrogen and oxygen as*well as 

carbon. 

Now when sugar is heated in a glass tube through which 
a stream of oxygen is being passed, tin* sugar burns brightly 
and there is no residue of carbon; the escaping gas con¬ 
tains carbon dpioxide and water vapour, a fact which shows 
that the carbon matter and the hydrogen matter in the com¬ 
pound sugar have combined with a fixed proportion of oxygen 
and formed the compounds carbon dioxide and water. Tf, 
therefore, a weighed quantity of sugar were completely burnt 
and these two products were collected separately and weighed, 
limn, as it is known that carbon dioxide contains *27‘27* 
percent, (or ) of carbon, and water 11 '19 per cent, for l) 
of hydrogen, it should be possible to calculate the weight of 
carbon and of hydrogen in the known weight of sugar. 

A few attempts to analyst* sugar in this way would reveal 
dilliculties; it would be found that some of the sugar was 
decomposed into mlntibi brown or tarry products which passed 
into the absorbing tubes. In order to prevent this and to 
ensure complrfu cuintiHx/ion, the weighed quantity of sugar is 
heated in a stream of dry purified air (free from carbon 
dioxide) in a glass tube which contains red-hot copper oxide, 
dust as hydrogen and carbon monoxide abstract oxygen from 
healed copper oxide and an* ‘oxidised’ to water and carbon 
dioxide respectively, so also do tin* gaseous and liquid decom¬ 
position products of sugar; the consequence is that under 
these conditions the irUolv of the carbon and hydrogen in the 
sugar are finally completely converted into carbon dioxide 
and water respectively (and nothing else). The water thus 
lormed is collected in a weighed calcium chloride tube, and 
the dried carbon dioxide in weighed caustic soda-hulhs; the 
increase in weight of these vessels is found by weighing 
again at. the end of the experiment, and the weight of the 
water and that of the carbon dioxide are thus ascertained. 

The apparatus used for such a process is shown and 
described in fig. 47. # 
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The fnbe (a, h) contains a layer of dry copper oxide (/,/) kept 
in position by pings of asbestos (r, <■), and the weighed quantity of 
sugar is contained in a small porcelain or platinum ‘boat’ {(f), be¬ 
hind wliif It a roll of oxidised copper gauze (/:) is inserted to prevent 
tarry products from passing backwards into The tube {a, b) is 
placed in the furnace (/.), ami is connected to the air-purifying 



Fig. 47. 


apparatus (g contains caustic soda, h and / pumice soaked in 
sulphuric acid) and to the weighed calcium cblmidc tube (/) and 
the weighed bulbs (///), which contain stiong caustic soda and 
(at m r ) dry soda-lime. A stream of air is passed slowly through 
the apparatus, the copper oxide is heated to redness, ami the sugar 
is then slowly healed until it is completely burnt to carbon dioxide 
ami water. 


From the results of the analysis or mnifnmtiun the per¬ 
centage composition of sugar may he calculated. 

Exam fib. —0*1710 g. of sugar was burnt; weight of water 
formed 0*0991 g.; weight of carbon dioxide formed 0*263(1 g. 
Xow water contains 11*19 per cent, of hydrogen (p. 110); 


therefore 0*171 g. of sugar contains 


0*0991 x 11*19 


, . 0*0991 x 11*19x 100 ' , 

hydrogen, or i 0 0 x 017J " = l»“ r 

Carbon dioxide contains 27 *27 per emit, of carbon (p. 125); 

f nit71 , . . 0*2036 x 27*27 

therefore 0*171 g. of sugar contains - - - g. of 

. 0-2(536x 27*27 x 100 JftAJ 

carbon, or- 1()Q x 0 ;y 7 i “ - - 42*04 per cent. 

Tt will be seen that the percentage of carbon, plus the 
percentage of hydrogen, is only 48*52; as it is known tbut 
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Rn"tir fllso contains the clement oxygen (p. 122), And no 
other element lias ever been obtained from it, the difference , 
]()()_ 48*52 — 51 '48, gives the percentage of• oxygen ; the 
composition of sugar, therefore, is, cation 42-04, hydrogen 
0-48, oxygen 51-48 per cent. 

The estimation of one constituent of a compound in this 
indirect manner by difference is often convenient. 

Tin* percentage composition of other (pure) compounds of 
carbon may be determined by comhmtion in this way. 

When oil of turpentine is thus analysed it is found that 
the percentage, of carbon is 88*2, and that of hydrogen ll'f?; 
tlr-se values together = 100, and it is thus proved that this* 
oil is a compound of carbon and hydrogen only. 8*ieli a 
compound is called a hydrocarbon. Naphthalene and benzene 
and the gas acetylene arc hydrocarbons ; petrol and paraflin- 
wax arc wist urn* of many hydrocarbons; coal-gas, when 
purified for domestic use, is a mixture of many different 
hydrocarbons (methane, Arc.), hydrogen, carbon monoxide, 
and other gases. 

The weight of rnrhon dioxide produced from a known 
weight of sugar-charcoal, wood-charcoal, graphite, Arc. is also 
found by making a combustion in the manner described ; it 
is thus ascertained that 1 g. of jntre carbon gives .T6 g. of 
carbon dioxide, from which result the percentage, composition 
of carlxm dioxide is calculated ; also that wood-charcoal 
contains about 05 pel- cent, of carbon and 1 per cent, of 
hydrogen, as well as about 4 per cent, of mineral matter. 
The p^centuge of carbon and hydrogen in materials such as 
wax, tallow, wood, coal, and coke is found in a similar 
manner. 

Starch, like sugar, is a compound of carbon, hydrogen, 
and, oxygen; it occurs in- most plants, and is very abundant 
in cereals (wheat, barley, maize, Ac.) and in some tubers 
(potatoes). It is not crystalline, but occurs in rounded or 
oval grains, which, under the microscope, have sometimes a 
very characteristic appearance, so that the starch of # one 
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specie# of plant may often be distinguished from that of 
another (tig. 48). Starch is insoluble in cold water, and 
gives a thick ^>aste when it is boiled with water. It burns, 
and, wliSn pure, leaves no asli. 

Alcohol, ethyl alcohol, or spirit of wine has been known 
(in an impure fojm) from the earliest times, since it is 
produced when grapes are crushed anil their juice is allowed 



Potato Starch. Wheat Starch. 

Fig. 48. 


to stand at ordinary temperatures, the liquid becoming trine. 
The alcohol is formed from sugars which are contained in the 
grape-juice, these sugars being decomposed into alcohol and 
carbon dioxide by a plant, ypaxt, which grows on the outside 
of the grapes; the escape of the carbon dioxide during the 
decomposition causes a bubbling and frothing, the liquid 
ferments, and the process is called fermentation. 

Pure alcohol, which can he separated from the water and 
other substances by fractional distillation (followed by other 
methods of purification), is a colourless, mobile liquid, miscible 
with water; it boils at 78°, and dissolves many substances 
which are insoluble in water (p. 22). H burns in the air 
with a flame which is only feebly luminous (spirit-lamps), 
forming water and carbon dioxide; it is composed of carbon 
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52 2, hydrogen 13-0, and oxygen 34*8 per cent. The Intoxi¬ 
cating action of beer, wines, and spirits is due to the alcohol 
they contain. • 

Methyl alcohol, or wood-spirit, or wqpd-naplitha is one of 
the products of the destructive distillation of wood (p. 277); 
it boils at 662, and is very like ordinary alcohol (ethyl 
alcohol) in its properties; it is composed of carbon 37 5, 
hydrogen 12 5, and oxygen 50 per cent. 

ijlafi’tl spirit is a mixture of ethyl alcohol, water, and 
crude wood-spirit. 


CHAPTER XVI. 

Combustion. 

All those materials, such as coal, cuke, charcoal, paper, oil, 
wax, tallow, spirit (alcohol), petroleum,* coal-gas, Ac., which 
are. used in daily life for generating heat (fuels) or light 
(illuminants) hy their combustion, are of vegetable or animal 
origin ; as has been already stated, most of them give a 
residue containing carbon when they are strongly heated out 
of contact with the air, and when heated in the air they 
' burn away,’ some of them leaving an incombustible residue 
or ash (mineral matter). That they all contain carbon is 
easily proved by burning them separately in gas-jars contain¬ 
ing air or oxygen, ami then testing the contents of the jar 
with lime-water ;f in every case a precipitate of calcium 
carbonate is formed. That they all contain hydrogen is 
also proved in a simple manner ; on burning a tallow or wax 

* Petroleum, like coal, is obtained ont of the earth, and is often called 
mineral oil, bu* it may bo of vegetable or animal origin nevertheless. 

f Although the air contains carbon dioxide, the quantity of this gas is so 
Hinall that lime-water, shaken in a gas-jar containing a small volume of air, 
is hardly changed; it is only when lime-water is left freely exposed to the 
tm: that it slowly gives a perceptible precipitate. 
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candle,* an oil, spirit, or petroleum lamp, or a piece of dried 
paper in a dry gas-jar, a dew or iilm of water is deposited. 

Such ordinary combustible materials may also be analysed 
quantitatively as alreqjly described (p. 12d), and thus proved 
to contain carbon and hydrogen, generally also oxygen (by 
difference), and asl^. *. 

Since burning or combustion proceeds in oxygen, and more 
rapidly than in air, and immediately ceases if the burning 
material is plunged into nitrogen, it must be concluded that 
ordinary ‘ burning ’ is a process in which compounds of carbon 
and hydrogen, or of carhon, hvlrogen. and owgcn, docom- 
• pose*and combine with atmospheric oxygen, forming carbon 
dioxide and water. 

•This conclusion may be conlinncd in many wavs. 

A burning candle placed under a dry bell-jar resting on a glass 
plate soon ‘goes out,’ because tin* jar contains a limited tpmn- 



Fig. 49. 


titv of ox\gen : carbon dioxide 
is formed, as may be easily 
proved, and dew is seen on the 
inner surface of the bell-jar. 

When a burning candle is 
placed in a basin floating on 
water and covered with a bell- 
jar, the flame soon goes out, 
because the candle cannot bum 
when the proportion of oxygen 
falls to about 1G per cent.; the 
diminution in volume, of the 
enclosed air, therefore, is not 
nearly so great as in the case 
of burning phosphorus (p. 91), 
ami, moreover, carbon dioxide 


is produced in the place of some of tin* oxygen. 


If a ,candle is placed under the glass cylinder (fig. 49), 
which is loosely filled with soda-lime (p. 79) supported by 
copper gauze, and, after being counterpoised, the candle is 
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lighted, the pan on which tho candle and cylinder are placed 
soon descends; the carbon dioxide and water which have 
boon formed are retained by the soda-lime, anfl the*sum of 
the weights of these products is greatcr*than the sum of the 
weights of the materials which have been burnt. 

Similar experiments may be performed With other ordinary 
combustible materials, with similar results. 


During many years the phenomena of combustion were sum¬ 
marised and explained on the basis of a hypothesis which, first put 
forward by Becher (1635-81), was developed by Stahl (1600-1734), 
and was known as the Phlogistic Theory. It was supposed that 
fill combustible materials contained something which was •ailed , 
phlogiston, and that burning was caused bv or resulted in the 
escape of this phlogiston, the ash, if any, which remained consist¬ 
ing of dephlogisticuted (without phlogiston) matter. Materials 
such as charcoal, which leave very little ash, were thought to be 
rich in phlogiston, whereas those such as lead and tin, which when 
heated (in the air) give large residues (or calxes), were thought to 
contain very little. When a calx such as litharge is heated with 
charcoal, the metal is obtained ; this was explained by assuming 
that the calx absorbed and fixed phlogiston from the charcoal. 

The fact that combustion ceased in a confined volume of air was 
explained by assuming that the air became saturated with phlogiston 
and could not take up any more from the combustible material, 
lienee when oxygen was discovered and it was found that com¬ 
bustion took place in this gas more readily than in air, this was 
supposed to he due to the absence of phlogiston from the gas, and 
the gas was called by Priestley *dephlogisticated air* (p. 82). 

The quantitative experiments carried out by Lavoisier, some 
of which have been referred to (p. 88), and those of other chemists, 
finally led to the abandonment of the Phlogistic Hypothesis (which 
had served its purpose) and to the adoption of those views on 
combustion which are held to the present day. 

Although it is thus possible to show and to explain the 
results of the burning or combustion of ordinary materials in 
a simple manner, the changes which occur are in most cases 
very complex for two reasons: (1) The materials are often 
mixtures of many different compounds. (2) These compounds, 
as a rule, are not directly or immediately converted into 
carbon dioxide and water, but first undergo various qjbher 
. I 
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changes or decompositions, caused by the heat, before they 
come into contact with the atmospheric oxygen. (Compare 
the results of hunting sugar, p. 11 (>, and also the description 
of a candle-flame, p. F32.) 

No further explanation need he given, except Cu regard to one 
point which may offer some difficulty. Most ordinary combustible 
substances, such as sugar, even when carefully dried, ghe rise to 
water when they are strongly heated out of contact with the air, 
and therefore contain combined oxygen, as well as carbon and 
hydrogen. The three kinds of matter of which those elements 
consist are combined together in a lixed proportion. On heating 
, the sugar in the air—that is, on burning it- the carbon matter and 
the hydrogen matter are iinally completely separated, and each 
cojnbfties with oxygen matter; some of this oxygen matter comes 
from the substance itself, hut this is not enough for the united 
wants of the carbon and hydrogen, ami the rest is obtained from 
the surrounding air. 

Since ordinary burning or combustion is thus a rapid 
chemical change or series of changes in which a development 
of heat and light occurs, the term comlm*1ion may be applied 
to all other occurrences of a like nature; thus the rapid 
chemical change which occurs when sulphur, phosphorus, 
iron, copper, or hydrogen is heated in oxygen is also spoken 
of as combustion. The term combustion, in fact, is used in 
a very much wider sense, and is even extended to changes 
such as those which occur when phosphorus or iron combines 
slowly with atmospheric oxygen at ordinary temperatures 
(p. 91) although there may he no emission of light : the 
reason being that the final results of such changes are essen¬ 
tially the same whether they take place rapidly or slowly. 

Ill connection with such changes one of the materials or 
substances concerned—coal-gas, for example—is spoken of as 
combustible , and the other, if a gas, m a ‘supporter of com¬ 
bustion ; 1 it is clear, however, that as combustion is a change 
in which two materials play an equally important part, there 
is no reason why they should he thus distinguished, and it is 
equally true to say that air (or oxygen) is combustible and 
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coal-gas a supporter of combustion. This will be obvious 
from a consideration of the following experiment. 

A lamp-glass is fitted up as shown (fig. 50, I.), # the top 
being loosely covered with an asbestos curd. A rapid stream 
of coal-gas is then led into the glass through (or), and when 
the air has been displaced the coAl-gas may be ignited at the 



end of the tubo (f>) as shown; if the asbestos card is then 
removed air is drawn into the glass by the upward current, 
and the flame at (/>) is seen to ascend slowly until it readies 
the top of the tube, where it continues to burn as shown ill 
the figure (LI.) at (c). This flame (<•) is that of air burning 
m coal-gas ; the air is combustible, the coal-gas a supporter of 
its combustion, The cod-gas escaping from the top of the 
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lamp-glass may be lighted, to show at the same time the flame 
of coal-gas burning in air. 

Flange.—fti the burning of copper and of iron no flame is 
seen ; a flame is only formed in the combustion of gases or 
vapours. In the case of a burning candle, for example, the 

materials of the wan are first melted 
and drawn up into the wick, and 
then decomposed into gases and 
vapours by the heat of the flame; 
combustion then takes place all over 
the surface of this jet of gaseous 
matter, causing the visible luminous 
region termed the Jfamn. When a 
small glass tube is iixed in the 
centre of a candle-flame as shown 
in fig. 51, some of these gases and 
vapours pass along the tube and 
may be ignited'at the end (a). The 
cause of flame is also illustrated in 
an ordinary coal-lire. When the 
coal is first heated long flames shoot 
out, because the compounds in the 
coal are decomposed by heat, giving 
combustible t/a*™ and vapours 
(coal-gas) ; when these compounds 
have been decomposed the flames die out, because only the 
solid carbon of the coke or cinders is then burning. After 
some time, however, if a red-hot, fairly deep layer of cinders 
has been formed, a beautiful blue flame is fieon; this is the 
flame of carbon monoxide (p. 120). At the bottom of the 
grate, where the air enters, carbon dioxide is produced ; passing 
up through the red-hot cinders, this gas takes up carbon, 
forming carbon monoxide, and then when the hitter comes 
into contact with the fresh air flowing over the top of the fire 
it burns to carbon dioxide. For the same reason a small 
flame is sometimes seen during the burning of charcoal 
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Some flames, such as those of burning hydrogen Tmd of 
burning carbon monoxide, are almost lion-luminous,* whereas 
tliose of the vapours from wax, oil, and most ecommon com¬ 
bustible materials are yellow or wliite # and luminous, as are 
also particularly those of burning magnesium and phosphorus. 
Experiments show that a flame is nearly always non-luminous 
when it does not contain solid particles, and that the lumin¬ 
osity of a fame may be attributed to the presence of solid 
particles, heated to a high temperature, until they are 
incandescent. 

In the flames of burning phosphorus and magnesium (some 
of the element is converted into vapour) the solid particles of ■ 
the oxides which are produced are heated to incandescence. 
In the flames of ordinary materials, such as oil, wax, coal-^fis, 
&c., there are incandescent particles of solid carbon; on 
passing slowly a clean white plate through such a flame, 
these particles are cooled, settle on the plate, and blacken it. 
It can be proved that this deposit of * soot * consists of (impure) 
carbon. 

The presence of such solid particles in the flames of burning 
carbon compounds is easily accounted for; most carbon com¬ 
pounds are decomposed when they are heated out of contact 
with the air, giving various gases and vapours and solid 
carbon (p. 116). Such decompositions take place within the 
flame, and as combustion can only go on at the outside, where 
the jet of gases conics into contact with atmospheric oxygen, 
the particles of solid carbon inside this jet are merely heated 
to incandescence until, in their turn, they pass to the outside 
and undergo combustion. 

When the decomposition of the carbon compounds in this 
way is too rapid, or when the air-supply is limited (which 
comes to the same thing), some of the carbon particles do not 
got burnt and are seen escaping from the flame, forming 
‘smoke.* A little benzene or petroleum burning oil an open 

*The flame of pure hydrogen burning in a dust-free atmosphere it 
invisible, even in the dark. 
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iron troy gives a very smoky flame, because these substances 
contain a very large percentage of carbon; by burning tax, 
turpentine, petroleum, &c. in a limited supply of air and 
passing # the smoke into chambers where it settles, a fine 
powder (soot) called lamp-black is obtained. This consists 
principally of carbon, anti is used in making printer’s ink, 
Indian ink, and black varnishes. 

Simple experiments on flames may be made with a Bunsen- 
burner (fig. 1, p. 6). When the .air-holes at the bottom 
of the burner are closed the flame is luminous, and deposits 
SOot on any cold object held in it; when the air-holes are 
, openad, the air mixes with the coal-gas escaping from the 
small # aperture (a), and by the time the carbon compounds are 
decomposed in the flame, they are in intimate contact 
with so much atmospheric oxygon that the carbon 
is immediately burnt to carbon dioxide or carbon 
monoxide. If a solid, incombustible substance, 
such as a piece of platinum wire or a piece of 
quicklime (wrapped in a loop of platinum wire) is 
held in a Bunscn-flame, the solid is heated to 
incandescence and emits light. In the ordinary 
incandescent gas-light, certain oxides of which the 
mantle is composed are heated to incandescence 
in a non-himinous Bunscn-flame. The hotter the 
flame the greater the incandescence. A platinum 
wire or a piece of quicklime held in the flame of 
hydrogen emits more light than in the Bunsen* 
flame, as the temperature of the former is 
higher. 

a platinum wire is held across a Bunsen-flatne (fig. 
52) and moved into different parts, it glows most brightly in 
the region (a) which is the hottest : the inner cone (b) of the 
flame is much colder. The flame of hydrogen or of ooal-gss 
burning in a supply oi oxygen is very much hotter than that 
ol the same gas burning in the an,beeanse in the atmw^hwe 

iWe is so muct mtrogon, and sumo of the bmt 18 UBtid Up fa 


c 



Fig. 52. 
When 
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raising the temperature of this gas; when no nitrogen is 
present, all the heat developed, goes to raise the temperature 
of the products of combustion. Such a flajne, the oxy- 
hydrogen or oxy-coal-gas flame, may be # safely produced with 
the aid of the blowpipe burner shown in fig. 2 (p. 7); the 
hydrogen or opal-gas which enters by the tube (h) is first 
lighted, and then the oxygen-supply is connected with the 
tube (r)* The gases do not meet except at the end of 
the burner (a), where they combine without explosion, pro¬ 
ducing a very high temperature (2000°). Platinum melts 
iu the oxy-hydrogen flamo, and a watch-spring held in it 
hums rapidly, throwing off sparks of melted iron and iron # 
oxide ; when the flame is directed on to dry quicklime, the 
latter glows with an intensely bright light, the Jlrummofid- 
or lime-light. 

Heat of Combustion. —When a fixed weight of a pure 
substance (clement or compound) is completely burnt—that is 
to say, converted into one or more products of fixed weight— 
the quantity of heat generated in the process is constant; thus 
if 1 g. of pure charcoal is burnt to carbon dioxide the heat 
developed is 8300 calorics,, f or a quantity which would raise 
the temperature of 8300 g. of water 1°. Similarly, when 1 g. 
of pure hydrogen is burnt to water, the heat developed is 
31,200 calories. The quantity of heat developed in this 
way, expressed in calories, is termed the heat of combustion of 
the substance (element or compound). 

Now the process known as combustion is merely a very 
familiar type of chemical change, and it has been found that 
in cnery chemical change between fixed weights of substances 
a fixed quantity of heat is developed or absorbed under fixed 
conditions. As this heat development (or absorption) is 
generally the result of the union of two substances, it cannot 

* Oxygen and hydrogen, like o&rbon dioxide, are Bold in steel cylinders, 
into vAnch. ttvey ate yuuvyed \nu\et pressure. 

\ K <M\ex\e \v> v\ua\\V\\^ v»t ten£i»e& Vi tavwi Wve Vrovgetataxe «il 

1 g. of water from 4° to 5°. 



136 


COMBUSTION. 


be attributed to one of them only; it is a measure of some¬ 
thing common to them both, or to the system. Hence, in¬ 
stead of sayjng that the heat of combustion of charcoal is 
8300 calories, it is said that the luat of formation of a certain 
fixed weight of carbon dioxide is x calories.* 

Now, since heat is a form of energy, apd energy, like 
matter, cannot be created or destroyed, but can only be 
changed into some other form of energy (heat, light, elec¬ 
trical energy, &e.), the quantity of energy in a given (original) 
system is different from that contained in the product or 
products (final system) after a chemical change has occurred 
, under any ordinary conditions; t thus the system [hydrogen 
11*2 g. + oxygen 88*8 g.] has far more energy than the 
product (final system) [water (100 g.)]; the system [carbon 
27*3 g. + oxygen 72*7 g.] far more than the system [carbon 
dioxide (100 g.)]. In order to reproduce the original from 
the final system in either of these cases, energy (in the form 
of heat or its equivalent) must be supplied to the final system 
to an amount equal to that which was dissipated during the 
chemical change ; thus, since the combustion of 11*2 g. of 
hydrogen gives 34,200 x 11*2 calories, this same quantity of 
heat or other form of energy is required to obtain 11*2 g. 
of hydrogen and 88*8 g. of oxygen from water. 

Those changes or reactions which give rise to a develop¬ 
ment of heat are called exothermic reactions; if strongly 
exothermic they generally proceed by themselves when once 
they have started, as, for example, all ordinary combustions. 
Changes in which heat is absorbed (that is to say, in which 
the energy of the final system is greater than that of the 

* The unit of weight adopted in stating the heat of formation of a sub- 
stanoe is not 1 gram, but 1 gram-molecule (p. 107). 

f The law of the conservation of energy, which is based on experimental 
evidence, may be stated as follows: ‘In an isolated, or limited, system, the 
sum of the various forms of energy remains constant.’ Thus if the system 
hydrogen + oxygen could he so isolated that licat or other form of energy 
could not escape from or pasB into it, then if and when the elements com¬ 
bined the sum of the chemical energy and of the heat energy of the final 
system would he the same as that of the original system. 
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ori ginal one) are called endothermic ,, and such usually require 
a continuous supply of heat, without which the change ceases; 
thus the decomposition of calcium carbonate (ft of giercuric 
oxide is an endothermic reaction. • 

An exothermic, compound is one in the formation of which 
heat is deve^ojfled, and which therefore requires a supply of 
energy for its decomposition. An endothermic compound 
requires a supply of energy for its formation, and this energy 
is given out again in its decomposition. 

The development or absorption of heat is not peculiar 
to chemical change. Physical changes such as the lique¬ 
faction or solution of solids, the vaporisation of liquids, &c. * 
are also accompanied by a change in the energy of the 
system. 

Impure substances and mixtures such as coal, wood, coke, 
Ac. have not, of course, a fixed heat of combustion; the 
quantity of heat given out in the burning of unit weight of 
such materials varies with different samples, and is termed 
the calorific value of the material. 

Food —Breathing.—The heat which is generated during the 
combustion of tallow, oil, sugar, Ac. is one of the results of 
the oxidation of these materials to carbon dioxide and water. 
These and many other animal and vegetable products, con¬ 
sisting of earbon com]>ounds, which are taken as food by 
animals, undergo similar changes within the body; that is to 
say, they arc finally oxidised by atmospheric oxygen, which 
is taken into the lungs, and there brought into contact 
with blood-vessels, through the thin walls of which it passes 
(diffuses, p. 164), and is then carried by the blood-stream to 
all parts of the body. The oxidation products, carbon 
dioxide and water, are returned to the lungs, and pass out of 
the system at every expiration. Aquatic animals obtain the 
free oxygen necessary to their life (with the aid of their gills) 
from the gas which is dissolved in the water. Fish die when 
placed in cold water from which the dissolved 1 air * has been 
expelled by boiling. 
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Thai carbon dioxide is contained in expired .air in much 
larger proportion than in the atmosphere is shown with the 
apparatus (tig: 53). The bottles contain lime-water; apply¬ 
ing the mouth to (a) and inhaling, 
airisdrawn through the lime-water 
in (b) into the lungs ; on exhaling, 
the expired air bubbles through 
('■), and one deep breath is suffi¬ 
cient to render the lime-water in 
(c) milky, while that in (h) shows 
no perceptible turbidity. 

The body temperature of living 
animals is thus kept above that 
of their surroundings by the com¬ 
bustion or oxidation of compounds 
of carbon; further, the muscular 
work which an animal performs 
is chemical energy, derived from its food, just as the work 
performed by a steam-engine is derived from its fuel. 

Hence the necessity of oxygen to animal life ; the nitrogen 
of the atmosphere passes into and out of the lungs unchanged. 

Since expired air contains a much larger proportion of 
carbon dioxide (namely, 4'4 per cent.) than ‘fresh air/ a 
confined atmosphere in which human beings or animals are 
living gradually gets changed and becomes ‘bad ’ or 4 vitiated/ 
and the percentage of carbon dioxide in the air of a crowded 
room may rise to moro than ten times that in ‘fresh’ air. 
Although carbon dioxide itself is not poisonous except in 
very large doses, such bad or vitiated air has a very baneful 
and depressing effect on the human system, probably because 
it also contains small quantities of disagreeably smelling and 
poisonous vapours which have been expired ; lienee the prime 
importance to health of fresh air and ventilation. The per¬ 
centage of carbon dioxide in a confined space is also appreci¬ 
ably increased by the combustion of candles, lamps, coal-gas, 
&c. as iliuminants; here again it is probable that small 
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quantities of other products of decomposition are* more 
harmful than the carbon dioxide itself. The products of 
combustion of an ordinary coal-fire pass up jhe chimney, 
and the draught thus caused is an ^efficient aid" to the 
ventilation of a room. 

Living plenty like animals, require a supply of free oxygen, 
which is absorbed and made use of for the oxidation of 
carbon compounds. But plants also absorb carbon dioxide 
from the air during daylight, and within their leaves (which 
contain a green material called chlorophyll) this gas is decom¬ 
posed into substances containing a smaller percentage of 
oxygen. These substances, the nature of which is not known « 
with certainty, are retained hv the plant as food, and .from 
them the numerous products of vegetable life (starch, sugJlr, 
wood, &e.) are produced. The oxygen which is set free in 
the decomposition of the carbon dioxide passes into the air. 
This process of anHimtlntion, the conversion of carbon dioxide 
into less highly oxidised materials containing much more 
chemical energy, is practically the reverse of the changes 
which occur in the process of ordinary combustion. Knergy 
is stored up in the vegetable products, and its source is the 
light of the sun ; in the dark this process stops. 

As the volume of oxygen given out by plants is greater 
than that absorbed, it follows that the effect of vegetable life 
on the composition of the atmosphere is on the whole the 
reverse of that of animal life. This counterbalancing action, 
no doubt, plays some part in keeping constant the composi¬ 
tion of the atmosphere, but the volume of the latter is so 
enormous that the effect of either change alone may be 
regarded as insignificant. 

Although animal and vegetable matter is principally com¬ 
posed of compounds of carbon, hydrogen, and oxygen, nitroyen 
is also an important constituent of living matter. The 
elements sulphur, phosphorus, chlorine, iron, potassium, 
magnesium t and caleium, in a combined form, are also neces- 
8ary in small quantities to animal and vegetable life. 1 
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. * CHAPTER XVII 

Chlorine and Hydrogen Chloride. 

« * 

Pyrolusite, a black crystalline material found in the earth, 
has been kjiown for a long time, and is now called manganese 
dioxide. When this mineral is placed in the flask (fig. 54) 

and warmed with 
some hydrochloric 
acid (compare foot¬ 
note f, P- 62) a 
yellowish-green gas 
is evolved, and the 
manganese dioxide 
]>asses into a soluble 
substance.* This 
gas was discovered 
by Scheele (in 
1774), and is named 
chlorine ( chlwos , 
pale green). It has 
a very unpleasant 
and irritating odour, 
and it is very dan¬ 
gerous to inhale it 
even when it is 
largely diluted with air, so that all experiments with chlorine 
should be carried out in a fume-cupboard. Chlorine is soluble 
in water (its solubility is 237 at 15°), it attacks and combines 
with mercury, and it is heavier thau air; for these reasons 
it is collected by displacing air upwards, as shown above, 
and when it is seen that the gas-jar is filled, it is covered 
with a plate smeared with vaseline. Chlorine is non-iuflam- 

_ * This change in explained later (pp. 209, 286). 





CHLORINE 'AND HYDROGEN CHLORIDE. 


141 


mablo; a lighted candle plunged into it continues to* bum, 
but with a small, dull-reddish, ‘ smoky ’ flame, and the walls 
of the jar liecome covered with soot (impure carbon).^ Many 
substances take lire spontaneously and. ‘ burn ’ in chlorine, 
especially certain metals, when in the form of thin leaf or 
line powder; phosphorus plunged into the gas on a defla- 
grating-spoon (p. 83) takes lire, forming colourless fumes. 

When chlorine is prepared in the above manner some 
‘hydrochloric acid’ may be carried over with the gas; for 
this reason the chlorine may be washed with a little water 

A 

(p. 67), which at first dissolves some of the gas, but soon 
becomes saturated with it. The hydrochloric acid is pi^sent 
in relatively small quantities, and is so soluble that it* con¬ 
tinues to dissolve long after the solution is saturated wfth 
chlorine. The gas may bo dried by bubbling it through 
sulphuric acid. (’hlorine may be prepared in many other 
ways. The purified gas obtained by different processes is 
constant in physical and chemical properties, and is an 
element; its density is 35-2. 

Chlorine, like oxygen, combines directly with many other 
elements, and the compounds thus formed are termed 
chlorides; thus copper chloride and phosphorus chloride are 
the products when copper anti phosphorus respectively ‘ burn * 
in chlorine. As already stated, ‘ burning 5 in the chemical 
stiiise of the word does not imply the presence of oxygen. 
When litmus solution is shaken with chlorine the colour 
disappears; and when a piece of calico coloured with any 
vegetable dye, such as Turkey red, is wrung out in water and 
then suspended in a jar of chlorine, it is also ‘bleached;’ 
when, however, the fabric is well dried and suspended in a 
jar of dry chlorine, the dye is not attacked. Hence chlorine 
bleaches, but only when water is present. The reason is 
given later (p. 285). Many ordinary inks are bleached by 
moist chlorine, but printer’s ink, which consists principally 
of carbon (p. 134), is not; chlorine does not act on carbon 
even at high temperature& 



142 


CHLORINE AND HYDROGEN ‘CHLORIDE. 


Chlorine is a powerful disinfectant that is to say, it kills 
living organisms of all kinds. It is prepared commercially 
for making ‘ Wenching powder * (p. 286). The aqueous solution 
of chlorine has the colour, smell, and bleaching properties 
of the gas, and is called chlorine miter. 

• C 

Hydrogen Chloride. 

It has already been stated that a ‘ fuming * gas is liberated 
when sulphuric acid and common salt (sodium chloride) are 
heated together, nnd that a .solution of this gas in water is 
called hydrochloric acid (p. 39). Tt is this solution which 
is ustd in the preparation of chlorine, and the gas itself may 
now be studied. 

The gas is prepared by gradually adding sulphuric acid to 
sodium chloride (compare footnote f, p. 62), and suitable appa¬ 
ratus is shown in fig. 54; effervescence sets in immediately, 
and an invisible gas, which ‘fumes’ in the air (compare foot¬ 
note, p. 39), is evolved. As this gas is very soluble in 
water and rather heavier than air, it is collected by displacing 
air upwards. When the addition of more sulphuric acid 
causes no further evolution of gas, the contents of the flask 
are gently heated; the compound which remains in the flask 
is referred to later (p. 258). 

The gas has no distinct smell, but has a very choking and 
irritating effect when inhaled ; it extinguishes a burning taper 
(so it is easy to test when a jar is filled) and is non-inflam¬ 
mable. 

The solubility of the gas in water is clearly shown by 
inverting one of the jars of the gas in the pneumatic trough; 
if the gas is free from air, the water immediately rises and 
fills the jar. 

The gas evolved in presence of sulphuric acid, which ia 
very hygroscopic, is free from aqueous vapour. If pre¬ 
pared from pure materials it is itself pure, and is con¬ 
stant in properties; for example, its density is always 18*1. 
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It is, therefore, a pure substance, ami is called hydrogen 
chloride. 

Hydrochloric acid.- -When hydrogen chloride is ^bubbled 
into water the gas dissolves so rapidly that the bubbles 
do not reach the surface, and the water becomes warm. 
If the gas is •generated in aii 
apparatus such as that shown in 
fig. 55, in which the sulphuric 
acid is dropped on to the salt 
from a stoppered funnel (a), a 
pipette (h) is used instead of an 
ordinary delivery-tube, so that the 
water cannot be drawn into the 
flask.* As the solution becomes 
more concentrated the gas dis¬ 
solves less readily, and Anally 
the water is saturated under the 
givon conditions ami begins to 
fume, the solution cooling down 
again. 

The sohitriUty of the gas at 15° is very high (about 
15,000), and a solution saturated at this temperature con¬ 
tains about 43 per cent, of hydrogen chloride and has a 
sp. gr. of 1*21. Such a solution is called hydrochloric acid 
or concentrated hydrochloric acid; if mixed with, sav. two 

L 7 «J T 

or more volumes of water it is called dilute hydrochloric 
acid. 

When concentrated hydrochloric acid is heated some of the 
dissolved hydrogen chloride escapes and the solution becomes 
more dilute. This more dilute solution then evaporates or 
distils unchanged, leaving no residue ; hence hydrochloric acid 
is volatile. 

Hydrochloric acid has a sharp, sonr taste ; it burns or irri- 

* The gas is so soluble that the water may rise in the pipette, but if the 
end of the pipette dips only just below the surface of the water, air fa 
drawn in before the bulb fa filled. 
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tates tlie akin, turns blue litmus red, and attacks or corrodes 
marly metals. These are properties which are shown by 
many sqbstanfces, namely, those which are classed together as 
‘acids’ (p. 248). Wiien zinc, iron, or magnesium is placed 
iu hydrochloric acid, the metal dissolves chemically and 
hydrogen is rapidly evolved ; but lead is only attacked very 
slowly even on heating, and silver is not acted on. 

The water contained in hydrochloric acid is not regarded as 
impurity, because the only convenient way of storing and using 
hydrogen chloride is in aqueous solution. The weight of the 
gas in any sample of the acid is very easily determined by 
r methods to lie described later, and the ordinary commercial acid 
(sp. gr. MO) contains about 33 per cent, of hydrogen chloride. 
Tlj.e Concentrated acid ‘fumes’ because tlie invisible gas which 
escapes from it attracts and condenses atmospheric moisture, 
and thus a mist, consisting of minute drops of hydrochloric 
acid, is formed. 

Composition of Hydroyen Chloride .—When an element 
is obtained simply by decomposing one pure compound, it is 
clear that the element must have been present in that com¬ 
pound ; thus when mercuric oxide is decomposed by beat 
into oxygen and mercury, it is known that both these elements 
■were contained in the original substance. On the other 
hand, when two (or more) different compounds are brought 
together and an element is obtained, further investigation is 
required in order to find out from which compound the element 
has been liberated, unless of course tlie constituents of one 
of them, at least, are known (compare p. 101). Thus when 
manganese dioxide is treated with hydrochloric acid the 
question arises, has the chlorine come from the dioxide or 
from the acid ? 

Now chlorine can be obtained by treating hydrochloric 
acid with many other substances besides manganese dioxide. 
When hydrochloric acid is heated with red-lead, chlorine is 
evolved. Since red-lead is known to be a compound of lead 
and oxygen only, the chlorine must he a constituent of 
hydrogen chloride. Further, since hydrochloric acid is acted 
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on by many metals, and hydrogen is then evolved, it may be 
concluded that hydrogen is also a constituent^ of hydrogen 
chloride (compare footnote *, p. 146). • 

Now just as hydrogen oxide (water)*is formed by burning 
hydrogen in oxygen, so hydrogen chloride may be produced 
by burning hytfrogen in chlorine. A jet of hydrogen burning 
in the air continues to burn when it is‘ plunged into a jar of 
chlorine, because the two gases combine. Fumes are seen, 
and the colour of the chlorine gradually disappears. When 
the contents of the jar are then shaken with a little watef 
the fumes dissolve, find it can he proved that the solution , 
contains hydrogen chloride. The synthesis of hydrogen 
chloride has also been accomplished in a previous experiment. 
When a candle ‘burns’ in chlorine, the materials contained 
in the wax or tallow are decomposed, the carbon separates as 
‘soot,’ and the hydrogen combines with the chlorine, forming 
hydrogen chloride; if the jar is then covered with a glass 
plate and left for some time until the soot has settled, the 
fumes of hydrochloric acid are visible on removing the plate, 
and the presence of hydrogen chloride can be proved. The 
‘ burning ’ of the candle is the combination of the hydrogen 
of the wax or tallow (p. 127) and the chlorine. 

Evidence in support of this statement is obtained by pouring a 
little hot turpentine on to some filter-paper, which is then plunged 
into a jar of chlorine ; spontaneous combustion occurs and a flame 
is seen, together with dense black smoke (soot), which gradually 
settles ; on the jar being then uncovered, colourless fumes are 
produced, due to the hydrogen chloride coming into contact with 
atmospheric moisture. Since oil of turpentine is a compound of 
hydrogen and carlxm only (p. 125), and the carbon separates as 
soot, the combustion is tine to the union of the hydrogen and the 
chlorine. 

Some Common Tgyee of Chemical Change .—When a metal 
dissolves chemically in hydrochloric acid, hydrogen escapes as 
a gas, and when the solution is evaporated to dryness there 
remains a substance which is soluble in water. It can be 
proved that the weight of this residue is very much greater 

« luow. J 
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than that of the original metal, bo that the other constituent 
of the hydrogen chloride, namely, the element chlorine, has 
combinetl with the metal, forming a chloride.* It may he 
said, therefore, that the metal lias (Unplaced, or has been 
substituted for, the hydrogen of the acid. 

This type of change, the displacement of one element in a 
compound by another, is very common, and is known as 
substitution. 

Some metals—lead, for example—are only slowly noted 
6n by hydrochloric acid, and others, such ns mercury and 
copper, are not arted on appreciably. The oxides of nil 
these metals, however, dissolve chemically in the acid, 
especially on warming, although they are insoluble in water. 
Thus when black copper oxide is heated with enough hydro¬ 
chloric acid it gives a clear bine solution, hy the evapora¬ 
tion of which yellowish-brown crystals of copper chloride are 
obtained, t 

►Similarly litharge (lead oxide) gives long colourless ‘ needles * 
of load chloride, and mercuric oxide colourless needles of 
mercuric chloride. These products are identical with those 
formed by heating the respective metals in chlorine, and 
therefore they are chloridcs.% No hydrogen is evolved when 
the oxides are treated with the acid. The chlorine of the 

* The presence of combined chlorine in this residue may l>c proved hy the 
test described later (p. 150). As it is known that hydrochloric acid is an 
aqueous solution of hydrogen chloride (a gas composed of hydrogen and 
chlorine), and that when hydrochloric acid acts on a metal the latter is 
converted into its chloride, it may he concluded that the evolved hydrogen 
is liberated from the hydrogen chloride and not from the water. When a 
metal such as iron liberates hydrogen from wuter (p. 100), tin; metal is con¬ 
verted into its oxide. 

f The change in colour from blue to yellowish-brown is due to the sepa¬ 
ration of combined water. Anhydrous yellow copper chloride, like anhy¬ 
drous colourless copper sulphate (p. 30), gives a blue solution. 

£ The chloride obtained by treating a metal or the oxide of the metal 
with hydrochloric acid is not always identical witli the chloride formed hy 
the direct oombination of the metal with chlorine, home metals form two 
(or more) chlorides, and when they are placed in excess of chlorine the com¬ 
pound containing the larger proportion of chlorine is formed. 
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hydrogen chloride combines with the metal, hut what becomes 
of the hydrogen % 

This question may be. answered by passing hydrogen 
chloride slowly over a long layer of dry topper oxide or lead 
oxide, heated gently in a glass tube : a liquid condenses in 
the cold part bf the tube, and it can bfe proved that this 
liquid is water. The hydrogen of the hydrogen chloride 
combines with the oxygen of the metallic oxide. When 
quicklime is treated in this wav calcium chloride (p. 148) is 
formed, together with water. Therefore quicklime contains* 
combined oxygen ; it is the oxide of a metal, calcium. 

The changes which occur when the oxide of a metal is 
treated wi Mi hydrochloric acid arc examples of another common 
type of change called double decomposition; each of the 
original compounds is decomposed by the other, two (and 
r>nly two) new compounds being formed, thus 


copper hydrogen 
oxide chloride 


c< >pper 
chloride 


+ 


hydrogen 

oxide 


(water). 


Experiments prove that in all such double decompositions 
the weight of tlie hydrogen and the weight of the chlorine 
contained in a given weight of hydrogen chloride are exactly 
sullieient to combine with the oxygen and metal respectively 
of the metallic oxide. Further, when the two compounds are 
taken in certain lixed proportions they are both completely 
decomposed, and only water and metallic chloride are pro¬ 
duced; if one of the original compounds is in excess of this 
lixed proportion the excess remains unchanged, but only the 
same two products are formed. These facts merit careful 
consideration, and are explained later (p. 176). 

Salts of Hydrogen Chloride .—The compounds produced 
by displacing the hydrogen of the ‘ acid,’ hydrogen chloride, 
by a metal belong to an important class of substances which 
are called salts (p. 253). 

Sodium chloride, which occurs in nature in such large 
quantities (p. 35), may he prepared in the laboratory, in 
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many ways. It is formed when the metal sodium (p. 253) is 
heated in chlorine; also when sodium carbonate is placed in 
hydrochloric acid. In preparing sodium chloride by the last- 
mentioned method, bjdrochloric acid is added to a solution of 
sodium carbonate until effervescence ceases; it is then known 
that all the sodiurti carbonate lias been chained. The solu¬ 
tion is now evaporated; water and the excess of hydrogen 
chloride pass away, and anhydrous crystals of sodium chloride 
remain. 

c Calcium chloride may be obtained by boating the metal 
calcium in chlorine, but it is far more conveniently prepared 
by treating limestone or some other variety of calcium 
cqjrbhnate with hydrochloric acid in slight excess (p. 208). 
The solution is filtered if necessary (compare p. 74) and 
concentrated; when it is cooled large colourless hydrated 
crystals of calcium chloride are obtained. When these are 
heated they give anhydrous calcium chloride, the very hygro¬ 
scopic substance so much used in drying gases. 

Barium chloride is a ‘salt’ composed of a metal, barium, 
and chlorine ; it is readily soluble in, water. 

Silver chloride. —Silver is not acted on by hydrochloric 
acid, but when silver oxide (a black powder) is warmed with 
the acid, a white ‘curdy’ substance, which is insoluble in 
water, is formed. This substance may he separated by nitra¬ 
tion, washed, and dried; when heated fit a dull-red heat 
it melts, hut does not decompose. The melted substance 
solidifies on cooling to a horn-like mass, and is identical with 
the compound obtained by heating silver in a stream of 
chlorine; therefore it is a compound of these two elements, 
and is called silver chloride. 

Silver dissolves chemically in nitric acid, a brown gas is 
evolved, and on evaporating the solution a colourless crystal¬ 
line ‘salt/ silver nitrate , is obtained. Now when hydro¬ 
chloric acid is added to a solution of silver nitrate, a white 
curdy solid is immediately piticipitated; this substance is 
silyer chloride. Therefore the silver contained in a eombiued 
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form in silver oxide or in silver nitrate may combing with 
the chlorine of hydrogen chloride and displace the hydrogen ;* 
for this reason, although silver chloride is insoluble in water 
and cannot be prepared by treating silver with hydrochloric 
acid, it is nevertheless classed as a salt. 

When hydrochloric acid is added to a. solution of silver 
nitrate and the liquid containing the precipitated silver 
chloride in suspension is boiled, the precipitate clots together 
and settles, and the liquid becomes clear; if then a drop more 
hydrochloric acid is added, more precipitate may or may not 
he formed. Jt all depends on how much acid has already 
been added, because a given weight of silver nitrate recfliires 
a fixed weight of hydrogen chloride to change it into silver 
chloride. If, when no further precipitate is formed (that is, 
when excess of hydrochloric acid is present), the solution is 
filtered and evaporated to dryness on a water-huth, there is 
no residue. This fact proves (a) that silver chloride is in¬ 
soluble in the liquid (which is a very dilute solution of 
volatile hydrochloric and nitric acids); (0) that the filtrate 
contains no silver nitrate (because this substance is known to 
he 11011 -volatile). 

With excess of hydrogen chloride, then, the whole of the 
combined silver in the silver nitrate is precipitated as silver 
chloride, because silver chloride i.s insoluble in the liquid 
present. For exactly the same reason the whole of the com¬ 
bined chlorine in hydrogen chloride is precipitated as silver 
chloride on adding excess of silver nitrate to a solution of 
hydrogen chloride. 

This is an important general principle on which many 
qualitative and quantitative analyses are based: when two 
substances act on one another in a given solution forming a 
new substance which is insoluble in the liquid present, the 
whole of either of the original substances is decomposed on 
adding excess of the other; if the two substances are pre- 

* Hydrogen is not liberated as gas; a double decomposition occurs and 
water or nitrio acid is formed (pp. 253 and 241). 
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sent m exactly the right proportion both are completely 
decomposed. 

A solution* of silver nitrate may Unis be used as a very 
delicate or sensitive c‘ test ’ for hydrogen chloride, since the 
formation of silver chloride is easily seen, and the compound 
is easily identified.* A solution of silver nithitc also gives a 
precipitate of silver chloride ivhen it is added to a solution of 
any other chloride such as sodium chloride (common salt), 
calcium chloride, barium chloride, and so on. The colourless 
crystalline substance (potassium chloride) which is formed 
together with oxygen whim potassium chlorate is heated 
(p. 82) al <o gives with silver nitrate a precipitate of silver 
chloride; potassium chlorate docs not give such a precipitate 
in spite of the fact that it contains combined chlorine, because 


it is not a chloride. The presence of rhfori'h's in most 
natural waters is also proved by testing with silver nitrate, 
after concentrating the water if necessary. 

The percentage composition of sitrer chloride was deter¬ 
mined by various methods with very great care by Stas 
(1860), and as examples of his results the following may 
be given: 91462 g. of silver were converted into silver 
chloride by heating the metal in chlorine; 1214993 g. of 
silver chloride were obtained ; the percentage composition, 
therefore, is, silver 75*28, chlorine 24*72. 108*549 g. of 

silver were dissolved in nitric acid, and the silver was pre¬ 
cipitated as chloride with hydrochloric, acid ; 144*207 g. of 
silver chloride wore obtained : the percentage composition, 
therefore, is, silver 75 27, chlorine 21*73. 


All the substances used in these experiments wen? purified 
with the greatest care, and every other precaution was taken 
to reduce experimental error as far as possible. The results 
afford a striking confirmation of the law of fixed and definite 
proportions. 

Percentage Composition of IInitrogen Chloride .—The com¬ 
position of silver chloride being known, that of hydrogen 
chloride may be determined in the following manner: A 
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small flask containing dislillnd water and fitted up as*shown 
(fig. 56) is carefully weighed. 

The lower end of the inlet-tube (a) is drawn oftt to lessen the 
bore, the upper one being closed with a pifyo of rublier tubing and 
glass rod ; the end of the outlet-tube is similarly closed, but a slit is 
made in the rubber tubing at (6), so that if theie is any pressure in 
the flask the slitfis forced open and air escapes.* 


The shipper of Iho inlet-tube (a) having been removed, this 
tube (a) is connected with an apparatus generating pure (dry) 
hydrogen chloride, which rapidly dis¬ 
solves in the distilled water. After 
some time, and before the solution 
becomes saturated, the inlet-tube is 
disconnected, closed with its stopper 
as before, and the whole apparatus 
weighed again ; the increase in weiglit 
gives the icr'njht of hydrogen chloride 
in the solution. The contents of the 
flask are now carefully washed into 
a beaker, and there treated with ex¬ 
cess of silver nitrate; the precipi¬ 
tated silver chloride is separated, \rashed, dried, and weighed. 

The calculation of the results is indicated by the following 
example : 

Weight of hydrogen chloride dissolved, 2*3005 g. 
u u silver chloride obtained, 9-046 

9 046 x 24-73 

100 



Fig. 56. 


chlorine in the silver chloride - - 


M a hydrogen in the hydrogen chloride., 2*3005 — 2*237 
- 0*0635 g. 

The percentage com position of hydrogen chloride is thus 
found to be, hydrogen 2-76, chlorine 97*24. 

There are other and more accurate methods by which the 
composition of hydrogen chloride lias been determined. 


* This arrangement is known as a Bunsen-valve. 
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The* chlorides of most of the metals are soluble in water, 
but silver chloride, as shown above, is insoluble and lead 
chloride only sparingly soluble in cold water. The percentage 
of chlorine (and therefore also the percentage of metal) in 
any soluble metallic cfiloride maybe determined by dissolving 
a known weight of the chloride in (distilled^ water., precipi¬ 
tating with excess of silver nitrate, and weighing the silver 
chloride thus produced. 


« CHAPTER XVIII. 

The Properties of Oases and Vapours. 

The terms solid, liquid, and gas arc so well known that 
they have been used without explanation ; it is now desirable 
to note the principal differences between these three stales of 
matter, and to consider more particularly the general behaviour 
of gases and vapours. 

A solid has a particular shape, which is not permanently 
altered except by a definite force, and even when its shape is 
altered its bulk or volume is not changed appreciably. The 
particles of a solid are generally arranged in definite crystal¬ 
line forms. When a solid is heated it usually expands a 
little, and as the temperature rises it may pass into the liquid 
or gaseous state, or it may decompose. 

A liquid has no particular shape; it adapts itself to any 
vessel in which it is placed; its particles move freely over one 
another and yield to the least pressure, but its volume is 
altered very little when the pressure on it is increased. 
When a liquid is heated it usually expands a little, and ns 
the temperature rises or the pressure is diminished it may 
boil and pass into the gaseous state, or it may decompose. 

A gas or vapour has no particular shape, but, as shown 
below, fills any vessel, however large, in which it is contained. 
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Its volume is greatly altered when the pressure on it* or its 
temperature, is changed. It is in these two respects particu¬ 
larly that gases and vapours may now be studied, although 
the matter really belongs to the science ^>f physics. 

lielation between the Volume and the J Pressure of a Gas .— 
The graduatcd«tul>e (a, iig. '57, 1.) is fillyd with mercury by 
raising the reservoir (r) and opening the tap ( b ) until the liquid 
rises to (5); the tap (t>) is then closed, the reservoir (r) is lowered 



Fig. 57,1. Fig. 57, II. 


again to the table-level, and dry hydrogen is passed through 
the side-tube (ft) into the graduated tube (a) until the latter 
is about one-third filled; the side-tube ( d ) is then closed. 
The reservoir (r) is now raised by the side of (a) until the 
levels of the mercury are the same—that is to say, until the 
pressure is the same on both. The hydrogen is now under 
atmospheric pressure, say, 760 mm.; let its volume be, say, 
35 c.c. The reservoir (c) is now raised (fig. 57, II.), where- 
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upon file volume of ilie gas in (a) diminishes; the height of 
the mercury-level in (e) above that in (a) is a measure of the 
extra pressure ■which has been put on the gas. Suppose this 
is 240 mm., then thq total pressure is 760 + 210— 1000 nun. 
The volume is now 26*6 c.c. 

Again raise the .reservoir ('■); the volume <*f the gas again 
diminishes. Let the extra pressure (diilerence in levels) now 
be 640 mm.; then the total pressure is 760 + 640 1400 nun. 

The volume is now 19 c.c. 

Finally, let (r) be raised until the extra pressure is 7G0 nun. ; 
t’he total pressure is now 7G0 x 2 mm. The volume is now 
17*5 t.c. 

I»y.doubling the original pressure the original volume is 
halved. 

Let (c) be lowered again until ibe levels are the same; the 
pressure is now 760 mm. The volume is 35 c.c. J*y halving 
the pressure the volume is doubled. 

Let (r) be lowered again until the mercury-level is 380 nun. 

7 (* (j 

below that in (a); the pressure is now 760-380= tf • 


The volume is 70 c.c. Ly again halving the pressure the 
volume is again doubled ; or by reducing the pressure from 
760 x 2 mm. to 380 mm.—that is to say, t.o o \\u-fourth —the 
volume is increased fourfold. 

If, instead of hydrogen, oxygen or carbon dioxide is intro¬ 
duced into the tube, the results arc exactly tin* same ; further, 
if air, which is a mixture of oxygen, nitrogen, carbon dioxide, 
and other gases, is examined instead, or in fact any other gas 
or gaseous mixture, the results arc the, same. All gases are 
equally changed in volume by equal changes in pressure. 

The relation l>etwcon the volume and pressure of a gas was 
established by Boyle (1662), and is expressed by Boyle's law: 
* When the temperature remaim ronxfmtf, the volume of a jiseJ 
mass of (jan varies inversely as its pressure* 

If the volume (v) --= 1 , under a pressure (P)-l, then if P 
becomes 2, 3, 4, &c., v becomes J, J, J, &c.; if P becomes J, 
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J, J, &e.> the volume becomes 2, 3, 4, &c. Pxv is*always 
the same (a constant). 


Thus in the above experiments 

• 

P = 760 mm. 

v = 35 c.c. • 

Pv= 26600 

P = 1000 n 

v~26*6 n 

Tv = ii 

I’=1460 n 

v-19*0 

• Pv 1 -= it 

P - 1520 ,, 

v --17*5 *1 

i—i 

< 

il 

P - 380 n 

v- 70*0 M 

Pv = n 

Since the volume 

of a gas varies 

so greatly with the 


pressure, it is obvious that if a glolm or other vessel is filled 
with a gas, the wi'jht of the given volume of gas varies with* 
the pressure to which the gas was exposed when the ves^d Avas 
filled. Suppose, for example, that the glob. 1 (fig. 23. p. 68} is 
filled with carbon dioxide, by passing a stream of gas through 
it, and the taps are closed when the barometer stands at 
760 mm.; then if the experiment is repeated when the 
barometer happens to stand at 740 mm., a smaller irciyht of 
gas will be contained in the globe, because the gas is denser 
(more compressed) under the higher pressure. In weighing a 
known volume of gas, therefore, the pressure must be noted, 
otherwise the results of different experiments could not be * 
compared. Now the weight of unit volume of a gas is 
usually given for a pressure of 760 mm. (one atmosphere), 
and when a gas is actually weighed under other pressures the 
result is reduced to this standard pressure. 

Example .—A litre of hydrogen under a pressure of 735 mm. is 
found to weigh 0-0870 g. What would he the weight of a litre at 
7(H) nun. (the temperature remaining constant) V 

As the volume of a given Aveight of gas varies inversely as the 

pressure, the volume under 760 mm. pressureAvoulri he —litre; 
us this volume of gas weighs OHS70 g., ] litre of it under the same 
conditions would weigh 0*0870 x l * -0*0899 g. 

/ ilil 

Since a gas expands Avlieiftyhc pressure on it is reduced, 
(gases are elastic), if a single bubble of any gas is passed up 
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into the Torricellian vacuum (footnote, p. 17) the gas at once 
expands and Jills the vacuum; nay, more, it depresses the 
mercuiy in the tube until the final volume of the gas is to 
its original volume a?, the original pressure P (760 mtn.) is 
to the final pressure P r Suppose that it depresses the 
mercury 12*66 hum. ; it is now under a pressure (Pj) of 
12*66 mm. Let the volume of the original bubble be 0*5 c.c.; 
its volume is now 30 c.c. (0*5 x 760 = 30 x 12*66). 

If, instead of a bubble of a gas, a few drops of wafer arc 
passed up into the vacuum, some of the water evaporates, 
and its vapour not only fills the vacuum but depresses the 
' merciiry. When the space becomes saturated with aqueous 
vapour, the amount by which the mercury is depressed, 
expressed in mm., is termed the tension of aqueous vapour. 
This tension (T) depends on the temperature t.' , and a few 
values of T are given below;* at 100°, the boiling-point of 
water, T — 760 mm. (compare p. 19). 

Other vapours behave in a similar manner. 

When water is passed up into a dry gas, such as hydrogen, 
confined over mercury, the water evaporates in the gas, just 
as it does in a vacuum, until the gas is saturated with aqueous 
vapour. Thus in the alx>ve experiment, in which the mercury 
is depressed 12*66 mm. by dry gas, if water is then passed 
up, the mercury is further depressed by an amount corre¬ 
sponding with the tension of aqueous vapour at the tempera¬ 
ture of the experiment. Consequently when a gas is satu¬ 
rated with aqueous vapour, its true volume is increased h y 
the volume of the aqueous vapour present. 

Now the total observed volume of the moist gas is partly 
that of the gas itself and partly that of the aqueous vapour, 
and the volume occupied by each is proportional to the 
partial pressure exerted (or supported) by it; hence 

true volume of gas partial pressure of gas 
total (observed) volume - total pressure 
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In order, therefore, to obtain the volume of the dry gas, the 
tension of aqueous vapour at the particular temperature must 
first l)e subtracted from the dimmed pressure,**and ^ic (true) 
partial pressure is then used in calculating 
the volume at standard pressure. 

Example. — A graduated tube contains 
hydrogen at 5° saturated with aqueous vapour ; 
the observed volume is 50 c.e. and the observed 
pressure 720 mm.* What would be the volume 
of the dry gas at 760 mm.? 

At 5°,' T = 6‘5 mm.; 720- 6'5r=713-5. The 

50x7135 

corrected volume, therefore, is — < 

/t>0 

Relation between the Volume and. the 
Temperature of a Gan. —The graduated 
glass tube (a, iig. 58), about 2 nun. in in¬ 
ternal diameter, is sealed at the lower end; 
it contains dry hydrogen confined by the 
short column of mercury ( b) y which is so 
adjusted that when the temperature of the 
hydrogen is 15° the volume of the confined 
gas is 288 units. The tube (a) is fitted 
as shown in the wider tube (r), which 
also contains a thermometer (d). 

Ice-cold water, containing melting ice, 
is now passed through the tube; (e) from 
the inlet (e) until it overflows from the 
outlet (/). The hydrogen contracts, and 
when it has thus been cooled to 0° its volume becomes 
273 units. 

The ice-cold water is now run out and warm water is intro¬ 
duced, until the temperature of the hydrogen is, say, 60°; the 
volume of the gas is now 333 units. 

* The observed pressure is obtained by subtracting the length of tbe 
mercury column in the tube alx»ve the level of tbe mercury in tbe trough 
(the difference in level) from tbe height of the barometer at the time of the 
observation. 
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Finally all tlie water is run out and steam is passed through 
the tube (e ); when the temperature of the gas reaches 100“ 
the volume is 1 373 units. 

Hence a volume of gas represented by 
273 units at 0° becomes 288 = 273 + 15 units at 15° 
i. . „ 333 = 273 + 60 60“ 

„ i. ii 373 — 273 +100 100° 

and for any intermediate temperature, t, the volume is 273+ t 

or 273 ^1 + ; in other words, 273 volumes at 0° increase 

by one volume lor every increase in temperature of 1° C.; the 
increase pei degree is of the volume at 0 U C. On the gas 
cooling through any interval of temperature, the contraction is 
exactly the same as the expansion which occurred between 
those limits of temperature. 

If, instead of dry hydrogen, oxygen or air or any other gas 
or mixture of gases is examined in a similar manner, the 
results are exactly the same. Equal volumes of all yases 
expand equally for equal, rives of tempera! ure^ the pressure 
remaining constant. This general conclusion, established by 
Charles, Dalton, and (lay-Lussac, is generally known as Gay- 
Lussac’s or Charles’ law. 

Absolute Temperature .—A gas at 0° contracts of its 
volume at O' for every fall of 1°. 273 c.c. at 0° become 

272 c.c. at -1\ 270 c.e. at -3°, 250 c.c. at -23°, and 
so on, until at - 273°, if the gas continued to contract at the 
same rate, it would not have any volume. This temperature, 
— 273°, is called the absolute zero, and if this point is used as 
the zero in expressing temperatures, the values are. termed 
absolute temperatures; thus a temperature of -20“ on the 
Centigrade is +253° on the absolute scale, 0° C. ^ +273“ 
absolute, 10' C. = +283° absolute, and so on. The relation 
between the volume and temperature of a gas, therefore, may 
be stated as follows; The volume of a <jas is directly pro - 
portion a! to its absolute temperature , the pressure being 
constant. 
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Since the ’volume of a gas varies so greatly with a cliange 
in its temperature, it is clear that if a glass globe is iilled 
with a gas, say, at 20°, the wdght of the gas is leSs thaji if the 
globe had been filled at 0°, the pressure* being constant. In 
weighing a gas, therefore, its temperature, as well as its 
pressure, must fte noted. • 

The weight of unit volume of a gas is usually given for 
0°, so that if it is weighed at any other temperature the result 
must be reduced to the standard temperature. 


Example.- A litre of hydrogen at 15° (and 760 mm.) weighs 
0‘08496 g.; what wonld be the weight, of a line of hydrogen at O'* 
(and 760 nun.)? * 

As + he volume at 15° is to the volume at 0° as 288:273, the gas 


if cooled to (P would only occupy 


1 > 273 
288 


lit 


as this volume 


; hs 0‘08490 g., a litre at O' would wei<j 


0-08496 v o-o~0‘09 g. 

Z/ti 


Under whatever known conditions a gas is measured (or 
weighed), it is possible to calculate what its volume (or weight) 
would he under any other conditions. As alrendv stated, the 
lesults are generally given for a standard or Normal Tempera¬ 
ture of 0° and a Normal Pressure of 7C0 mm., referred to 
by the letters N.T.P. 

Tiik Determination of the Density of 
a (Ias or Vapour. 

The determination of the weight of a given 
volume of gas requires special apparatus, and 
is by no means an easy task ; a rough idea of 
the method, however, may he given. 

The volume of a globe such as that shown 
in fig. 59 is lirst carefully determined. (How ?) 

The globe is then weighed full of dry air, the temperature 
and pressure being noted. The air in tin* globe is then 
pumped out and the loss in weight is ascertained. From these 
data the weight of a litre (standard volume) of air at N.T.P. 
way be calculated. 
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As tlie globe displaces a large volume of air, its weight 
varies according to the temperature and pressure of the air it 
thus displaces. Therefore a similar globe is suspended from 
the other arm of the balance, and thus this source ot error is 
avoided. As the two globes are equally affected, the observed 
loss in weight oil {jumping the air out of one of them is the 
true weight of the known volume of air under the known 
conditions. 


Example .—Volume of globe, 1140 c.c. Loss in weight, 1 11602 g. 
t ==■ 15°. Bar. = 740 mm. 

273 % 740 
2HS x 700 

= 1052*2 c.c. Since this volume weighs 1 3002 g., 1 litre weighs 
1 3602x10 00 
1052-2 1 


Tlfe volume of the air at N.T. 1*. would be 1140 >: 


By first filling the globe with drv hydrogen, oxygen, or 
other gas, and then proceeding as before, the weight of a 
litre of the gas may be determined. The weight of a litre of 
hydrogen at K.T.P. is 0-09 g. (more exactly 0-08987 g.); 
as hydrogen is the lightest of all gases, the. weights of other 
gases or vapours are conveniently expressed in terms of that of 
an equal volume of hydrogen measured under the same con¬ 
ditions. This important pltysiral roust ant of a gas is called its 
density (vapour density, specific, gravity). Thus the density 
of oxygen is 16; that is to say, this gas is 10 times heavier 
than an equal volume of hydrogen under the same conditions. 

The density of the vapour of a substance which is solid or 
liquid at ordinary temperatures may also he determined; 
thus the density of water vapour may he ascertained by 
placing sufficient water in the globe, and then immersing the 
glol>e, all but the tap, in a bath of oil, heated at, say, 130''. 
The water boils, its vapour soon expels all the. air from the 
globe, and if at the moment when all the water has been 
changed into vapour (that is, when steam ceases to escape) the 
tap is closed, the globe is then filled with water vapour at 
130“ and atmospheric pressure \ it is cooled, cleaned, and 
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weighed; the weight of the vacuous globe being also known, 
the density of water vapour at N.T.P. may be calculated. 

Kominple .—Weight of globe full of water vapour, less weight of 
empty globe— 0 81*22 g. Volume, 1500 e.c. ?=UiO°. Bar. = 750 nun. 

07*1 

The volume at N.T.P. would be 1500x~’ x~=1002*8 c.c. 

• 700 

mm . , . , , , . 0*8122 x 1000 

The weight of 1 litre, therefore, in —pjp2*8— — 0*81 g. 

The weight of 1 litre of water vapour at N.T.P. being 

0*81 

0*81 g., the density of water vapour is -- 9. 

It should bo clearly understood that although the water 
vaporr would of course condense if it were cooled to N.T.l^., 
it is possible to calculate what its density would be, assuming 
that it did not liquefy ; this is done in order that its density 
may be compared with those of other gases or vapours at 
N.T.P. If 100" and 50 mm. were lixed as the standard 
temperature and pressure respectively, the relative weights of 
equal volumes of hydrogen and water vapour would be 1 :9, 
as before. 

Other more convenient methods of determining the 
densities of vapours are known, hut the principle is the 
same in all cases; that is to say, the weight and the volume 
of the vapour under known conditions are determined, and 
the weight of 1 litre is then compared with that of a litre of 
hydrogen under the same conditions. 

In making experiments with gases two forms of apparatus 
arc very often used. One of these (fig. 60) is a simple 
graduated tube, the eudiometer (p. 244), in which the gas 
is confined over mercury ; for purposes described later, the 
tulie is often provided with two platinum wires (a, a), fused 
into and passing through the glass, as shown. In order to 
ascertain the volume of the gas at N.T.P. from the observed 
volume, the temperature of the surrounding atmosphere is 
noted, and also the barometric pressure ; the pressure on the 
g*ts is the barometric pressure less the difference in level (*\y; 

luoig. k 
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footnote, p. 157). If the gas is wet, the tension of aqueous 
vapour (T) must be subtracted from the observed pressure 
(compare p. fob). 


Example. —Ohserve<f volume of a wet gas— 50*2 c.c. t — 10° 
Difference in level, 3*25 mm. Bar. - 750 mm. T at 10' =9”2 mm. 
The true pressure, therefore, is 750 H*25 - 9"innm. Hence the 

volume at N.T.l*. is 50-2 x x e.c. 

i 00 2S.i 




Fig. 00. 


Fig. 01. 


The other form of apparatus is shown in fig. 61, and is 
also provided (at a) with platinum wires, iiy pouring mer¬ 
cury into the open tube (h) or running it out from the top 
(c) until the levels are the same in the tivo tubes, the gas 
may be brought to atmospheric pressure before and after any 
experiment *, in such cases the true pressure on the gas is the 
barometric pressure at the time oi the experiment, tons the 
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tension of aqueous vapour for the given temperature if the gas 
is wot. 

Experiments have shown that all vapours and "ases pass 
into the liquid state when they are cooled to a sufficiently low 
temperature, and if further cooled sufficiently they freeze, 
solidify, or crystallise.* . 

The temperatures at which different vapours and gases 
liquefy arc widely different; thus at 700 mm. water vapour 
liquefies at 100°, ether vapour at 05°, chlorine at — 34°, car¬ 
bon dioxide at -79°, hydrogen chloride at —84°, oxygen at 
- 1825 ’, nitrogen at — 194\ and hydrogen at — 252'5°.f 
A mixture of liquefied gases may he separated into it#com- • 
ponents by fractional distillation. • 

Some vapours and gases maj r he liquefied by pressure*at 
ordinary temperatures; thus chlorine under 9 atmospheres, 
and carbon dioxide under 38 5 atmospheres, are condensed to 
liquids. It was shown by Andrews (1863), however, that for 
every gas there is a particular temperature above which it 
cannot he liquefied, however great the pressure; carbon 
dioxide, for example, cannot he liquefied above 30°. This 
temperature, above which liquefaction does not occur, is called 
the critical temperature of the gas, and the pressure required 
to liquefy it at its critical temperature is called the critical 
pressure of that gas. 

The term gas may be restricted to that state of a substance 
in which it exists above its critical temperature, the state 
below its critical temperature being called vapour. The terms, 
however, are not always used in this sense, and that of vapour 
is generally employed when the same substance exists in a 
liquid state at ordinary temperatures and pressures. 

Solubility of (law#. —The wviyht of a gas which is dis¬ 
solved by a given weight of water (or other solvent) at a 
* Compare footnote, p. 19. 

I t The laws of Boyle and Charles are not strictly true when a gas is at such 
a temperature and pressure that it is not far removed from its liquefying 
or boiling point. A perfect gas is an ideal or imaginary gas which would 
show under all conditions the behaviour expressed by these laws. 
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given temperature is directly proportional to the pressure 
(provided that the gas and tlio solvent do not combine).- As, 
however^the foluine of a gas is inversely proportional to the 
pressure, the volume *of a given gas dissolved hy a given 
weight (or volume) of water is constant, and independent of 
the pressure (Henry's law, 1803). • 

Thus the solubility of oxygen at 0° and 760° is 4*86; that 
is to say, 100 volumes of water dissolve 4*86 volumes of the 
gas. If the pressure is increased to 2 atmospheres, the same 
volume of oxygen gives a saturated solution; hut the weight 
of the gas in this volume, and therefore in the solution, is 
* twice*as great as before. 

Iiater oil it was shown hy Dalton that when a mixture of two 
gases is shaken with water at a given tempeiature, until the solu¬ 
tion is saturated, the volume of each gas which is dissolved depends 
on («) the solubility of the gas, ( b ) its pressure. Now in any 
gaseous mixture the pressme on any one component is directly pro¬ 
portional to its percentage by volume ; each component shares the 
total pressure (or is under a partial pressure, p. J56) in proportion 
to its volume (Dalton’s Law of Partial Pi natures, 1805). Hence, 
when air, which is a mixture of 4 volumes of nitrogen arid 1 volume 
of oxygen, is bubbled through water, say, at 15", the iclative volumes 
which are contained in the saturated solution are : oxygen, 3'36 x 1 
(p. 85); nitrogen, 1*65x4 (p. 97); or, loughly, 1 :2. If the solution 
is boiled and the expelled gases are collected and examined, it is 
found that such ‘air’ contains about 35 per cent, of oxygen. It is 
thus possible to effect a partial separation of the components of the 
atmosphere by one operation of fractional solution, a fact which 
indicates that air is a mixture (compare p. 96). 

Diffusion of doses .—When a gas-jar containing hydrogen 
and closed with a glass plate is inverted and placed on a 
similar jar containing carbon dioxide, then, on the glass plates 
being removed and the two jars fitted together, the hydrogen 
immediately begins to pass domuranls and the earl ton dioxide 
upwards. If after about two minutes the jars are separated, it 
can be shown that they both contain a mixture of the two 
gases. The contents of both jars take fire on applying a 
lighted taper, proving the presence of hydrogen; and if 
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tested with lime-water, both vessels are found to contain*carbon 
dioxide. Although carbon dioxide is twenty-two times heavier 
than hydrogen the two gases have mixed, and, if left long 
enough, the mixture becomes perfectly homogeneous; that 
is, it contains the same proportion of the two gases in 
every part. • . 

This movement or passage of a gas from one vessel to 



another also takes place even if the vessels are separated by 
some porous material, such as unglazed earthenware or plaster 
of Paris, as shown by the following experiments. 

The earthenware jar (d, tig. G‘2, T.), filled with air at atmos¬ 
pheric pressure, is closed with a rubber bung, through which 
passes a glass tube connected with the U-tube containing a 
little (coloured) water. A large beaker filled with hydrogen 
is inverted over the jar; it is then seen by the movement 
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of tlie # water-gauge that the pressure in the jar (a) almost 
immediately becomes ijrmtvr than one atmosphere. If when 
the watgi'-levd in (A) ceases to be depressed the beaker is 
removed, the water slewly rises in (A) until it is higher than, 
in (r), proving that the pressure in the jar is now /t j na than 
one atmosphere; the water in (A) then slowly falls, and the 
levels finally become the same. 

This experiment shows that hydrogen passes or diffuses 
through the porous walls into the jar faster than the air 
passes out, thus causing an increased pressure. When the 
jar has become tilled with a mixture of hydrogen and air, and 
' the beaker is then lemoved, the hydrogen passes out more 
quickly than the air passes in, and the pressure is thus 
reifuecd below that of one atmosphere. 

The earthenware jar (a, fig. 62, 11.) of the similar piece of 
apparatus contains air under atmospheric pressure. When it 
is surrounded by a beaker tilled with carbon 
dioxide tlie level of the water in (h) rises, 
proving that the air has passed outward; 
more quickly than the carbon dioxide has 
passed inwards ; if when the pressure in the 
jar ceases to diminish the beaker is removed, 
the water falls in (A) until its level is below 
that in (r), proving that the air is passing 
into the jar more quickly than the carbon 
dioxide passes out. 

The fact that hydrogen diffuses more 
rapidly than air may also l>e proved with the 
aid of the apparatus shown in fig. C.‘i, iri 
which the porous earthenware jar (containing 
air) is connected with the hulb-tnhe (o), 
which contains coloured water. On a beaker filled with 
hydrogen being inverted over the earthenware jar a fine jet 
of water is forced out of the nozzle (A). 

It must, therefore, be concluded that a light gas passes or 
diffuses through a porous material more rapidly than a heavy 



Fig. 63. 
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gas; that is to say, a larger volume, of the light gas diffuses in 
a given time. 

Graham’s Law. —-The results of quantitative experiments 
carried out by Graham (lS.‘i J) showed thyt 7 he rate of diffusion 
is inverse!;/ proportional to the. sgunre root of the dens it;/ of iht 
gas ;’ thus thewclative rates'of diffusion o£ hydrogen, oxygen, 

and carbon dioxide are }-= : -} — : —} -; that is to say, 

v 1 v 1(> v 2‘J 

these values show the relative volumes of tin* gases which 
would puss through a given porous area in the same time 
under the same conditions. 

• 

A piece of apparatus similar to that shown in fig. 57, II. (p. 153) 
may he u>ed to study tin; rate of diffusion of gases. The graduated 
tube (a), which contains the gas confined over mercun, is provided 
with a tap (h), the opening of whieh is closed with a platinum plate 
pierced with an extremely small hole. On the tap being opened the 
pressure of the meicury in (»•) causes the gas to escape sufficiently 
rapidly to prevent air from diffusing into the tube. The time 
required for the escape of a fixed \olume of different gases under 
a fixed piessiire may thus he determined, and it is found that 
Hu* time is directly proportional (the re for if;/ im ersely pioportional) 
to the sfgiai'c root of the* density of the gas. 

If a mixture of equal volumes of oxygen and nitrogen is passed 
slowly through the uugla/.ed earthenware tube («, fig. 04), and 
the air in the 
surrounding glass 
tube iR removed < 
by connecting (6) 
with a pump, the 
gaseous mixture Fig, 04. 

which diffuses 

through the eartlrenware tube would consist of nitrogen and 

oxygen in the proportion 5*2 : 48 (approximately) by 

VI4 \ 16 

volume; a partial separation of the gases has thus been accom¬ 
plished. If air is diffused in the same nay, then, as the relative 
volumes of the nitrogen and oxygen are originally 4: 1 approxi¬ 
mately, the partial pressures on the two gases are also in this 
proportion (p. 164); consequently, as the rate of diffusion varies 
directly as the presstire, the diffused gas would consist of nitrogen 
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ami oxygen in the proportion 4 x : 1 x hy volume, and 

would therefore contain a larger proportion of nitrogen than does * 
‘the air.i* The'fact that the two principal gases of the atmosphere 
may be partially separated in this way is further evidence that they 
are not combined. 

The process of diffusion is sometimes used to,effect a partial 
separation of the components of a gaseous mixture, it may also 
be employed to determine the density of a gas by finding the rate 
of diffusion with the apparatus described above, and comparing the 
result with that obtained with a gas of known density. 

Example. —A certain volume of a gas diffuses in 9‘4 minutes ; the 
same volume of hydrogen diffuses in 2 minutes. The times are 
4*7 : 1* and the densities (4*7) 2 : 1*=22:1. 

Kinetic Theory of Gases. —-When a solid substance passes 
intR> a liquid the change in volume is relatively small, but 
when a solid or liquid is transformed into a gas or vapour the 
increase in volume is relatively very great; the gas or vapour 
is very attenuated; it is highly compressible, or, in other 
words, its volume is greatly diminished hy pressure. 

These facts seem to show that the actual matter of which 
a gas consists is not continuous; that is to say, the space 
occupied hy the gas is not filled by matter, and it may he 
supposed that a gas is composed of extremely small, solid 
particles of matter, separated from one another by distances 
which are large in comparison with the particles themselves. 
As these particles do not collect or ‘settle’ at the bottom of 
any vessel, and ns a gas rapidly escapes from any open vessel 
in which it is placed, and diffuses through porous substances, 
it must be supposed that the particles of a gas are in constant 
motion. This supposition makes it necessary to assume further 
that the particles are perfect! if elastic; otherwise, by colliding 
with one another and hanging against the walls of the con¬ 
taining vessel, they would finally come to rest. It may then 
be further assumed that the constant bombardment of the 
walls of the containing vessel hy the extremely small, solid 
particles moving with great velocity produces the pressure of 
the gas. 
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Now it can be shown that these speculations regarding the 
nature of gases and vapours agree with or account for all 
known facts relating to the gaseous state; for fcxamjde, they 
are in agreement with the laws of Boyloj Charles, Henry, and 
(iraham. Hence these speculations, originated by Bernoulli 
in 1738, and developed by Watcrston, Claflsius, Maxwell, and 
others, have become a highly important theory, known as the 
kinetic theory of gases. 


CHAPTER XIX. 

Equivalents—The Law of Multiple 

Proportions. 

As hydrogen chloride, like every (pure) compound, has 
a iixed composition, it is obvious that when any weight 
of hydrogen chloride is decomposed, the relative weights 
of the hydrogen and chlorine obtained from it ore also 
fixed and unchangeable. Now when hydrogen chloride is 
decomposed by a metal the hydrogen is set free, while the 
chlorine combines with the metal in lixed proportion to form 
a chloride; it follows, therefore, that a given weight of a * 
given metal, with excess of hydrogen chloride, must give a 
fixed weight of hydrogen. But do all metals which act on 
hydrogen chloride displace the same or different weights of 
hydrogen 1 This question may be answered by the results of 
simple experiments. 

A weighed piece of clean magnesium ribbon (say 0*0324 g.) 
bent into a V is pushed up (at at, fig. 65) into a burette, 
which is then completely filled with and inverted in a trough 
of water; hydrochloric acid is poured into the funnel (ft), and 
by cautiously opening the tap for a moment most of tbe acid 
is allowed to flow into the burette without any air being 
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admitted. The acid mingles with the water and soon reaches 
the magnesium; the hydrogen which is then evolved collects 
• in the Imrcttc. "IVhen the whole 

ri f of the metal lias disappeared, the 

f> N lower end of the burette, closed with 

' the thumb, is plunged into a deep 
I cylinder containing water, and the 

I thumb is removed. The burette 

i is then raised or lowered until the 

J I r water-levels inside ami outside arc the 

a -1 same; the temperature, of the water 

|) (gas) is noted, and also the height 

f . 'll of the barometer. The dala are 

i now available for calculating the 

! weight of hydrogen liberated by 

tj mi i 

j 1 g. of magnesium. 0‘0324 g. of 

magnesium gives 32*7 c.e. of liydro- 
. } gen measured wo/s/ at 16°; liar. - 
r 7b2 mm. Deducting T (p. 15G), P = 

Pig (j5_ 752 — 13*5 — 73rt-5. The volume of 

the hydrogen at N.T.P., therefore, is 

27‘I 7 *1^*5 

32*7 x - — x ' , =30*0 c.e. Since 1 litre of hydrogen 

weighs 0*09 g., tlie wv'ujht of 30 c.c. is 0 0027. Hence 1 g. of 

0*0027 x 1 Anooi> , 

magnesium gives = 0*0833 g. of hydrogen. 


The weight of hydrogen liberated by a given weight of 
zinc may be determined in a similar manner. The weighed 
metal is placed in the centre of a trough and covered with a 
funnel, over which the burette filled with water is inverted. 
The acid is poured into the trough. 

Another form of apparatus often used for measuring the 
volume of gas obtained in a chemical change is shown in 
fig. 66. This apparatus may lie used in finding the weight 
of hydrogen liberated by a weighed quantity of a metal. 
The f flask (a) contains a weighed quantity of zinc (say 0*9 g.), 
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sonic water, and a small tube ( b ) containing concentrated 
hydrochloric acid; it is connected with the large bottle full 
of water, and from the latter passes a siphon, Closed with a 
pinch-clamp (a) and filled with water, dipping into a graduated 
cylinder (d) containing a little water. When the apparatus is 
fitted up ns shmtu, (c) is opened and the cylinder (d) is raised 
(in a slanting position) until the water-levels in (d) and in the 
large 1 Kittle are and re¬ 
main the same ; the moist 
air in (a) is now under 
atmospheric pressure, and 
the clamp (r) being tem- 
jtorari,'}/ closed, the volume 
of the water in the cylinder 
in noted. The tube (f>) is 
now tipped on its side ; the 
acid then acts on the zinc, 
and the liberated hydrogen 
drives water into (d). 

When the metal has 
disappeared and the appa¬ 
ratus has been left to cool 
if necessary, the water- 
levels are adjusted as be¬ 
fore, so that tin* gas in (<() is at atmospheric pressure, and the 
volume of the water in {</) is again noted; also the tem¬ 
perature of the water (gas) and the height of the barometer. 
The \ olumc of the liberated hydrogen is measured by sub¬ 
tracting the original volume of water in (</) from the final 
volume, as this is the volume of water which has been driven 
out by the gas. 

F4.ram.jde .— 0 '9 g. of zinc. Volmne of water expelled = volume 
of hydrogen = 337 e.c. t = 16° (and T--13T* mm). Baro¬ 
meter = 752 min. The volume of (dry) gas at Js T .T.P. would be 



337 x 


273 
289 * 


752 -13-5 
“760 


309 c.c., which would weigh 0*0278 g. 
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Hence 1 g. of zinc liberates 0*0309 g. of hydrogen. In a 
similar manner it can be found that 1 g. of iron liberates 
0 036 gt of hydrogen. 

Now hydrogen is* also liberated when the above metals 
are treated with dilute sulphuric acid ([>. 223), and by 
quantitative experiments, carried out exactly as those de¬ 
scribed, it is found that a given weight of a metal .always 
gives the same weight of hydrogen whether sulphuric 
acid or hj'drochloric acid is used; the weight of the dis¬ 
placed hydrogen depends on the weight of the metal, which 
dissolves chemically and is independent of the nature of 
the acid.* 

,Ffom the weight of the hydrogen liberated or displaced by 
1 g. of each of the above metals, the weight of metal required 
to displace 1 g. of hydrogen from either of the acids may he 
calculated by simple proportion. The values thus obtained 
in accurate experiments are : magnesium 12*1, zinc 32*4, 
iron 27*8 g. The relative weights of these metals, expressed 
by the numbers 12-1, 32*4, and 27*8, are thus equal or 
equivalent, in what may be called hydrogen-displacing value. 
Other common metals do not displace hydrogen from hydro¬ 
chloric or sulphuric acid quickly at ordinary temperatures, 
and so it is impossible to find their equivalent weights 
directly by methods such as those described above. This, 
however, may be done indirectly. 

Thus, although silver does not dissolve in hydrochloric 
acid, silver nitrate and hydrochloric acid give silver chloride 
(p. 148); in this change hydrogen is not liberated as gas, 
but that it is displaced from the hydrogen chloride is proved 
by the formation of silver chloride. Now, the composition of 
silver chloride being known (p. 150), and also that of hydro¬ 
gen chloride (p. 151), the weight of silver required to displace 

* The weh/hi of the hydrogen displaced by a known weight of a metal may 
also lie determined liy a method similar to that used in finding the weight 
of carbon dioxide which is obtained from a known weight of sodium car¬ 
bonate (compare p. 77), but the experimental error is large. 
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1 g. of hydrogen from hydrogen chloride may be calculated 
and found to he 107*1 g.* 


Since 2'76 g. of hydrogen combine with 97*24 g. o# cltloryie, 1 g. 

97 - 24 x 1 

of hydrogen combines with - - 35*2 g? of chlorine. 

Since 24*7 g. of # chloiine combine with 75*3 g. of silver, 35*2 g. of 
chlorine combine with 1^7*1 g. of silver. 


As all metals combine with chlorine, the composition of 
any metallic chloride may be determined either l>y passing 
chlorine over a weighed quantity of the metal and weighing 
the product, or by the method already mentioned (p. 152). 
The composition of any chloride being known, the hydrogen- 
displacing power of the metal contained in it may be <?al<yi- 
laled, just as in the case of silver. Cliloiide of copper (cupric 
chloride), for example, has the composition, copper 47*3, 
chlorine 5*2*7 per cent. ; hence the weight of copper which 
combines with 35*2 g. of chlorine is 31*5 g.* 

Uy direct or indirect methods, such as those indicated, it is 
possible to assign to each of the metals a number which 
expresses the weight of that metal required to displace one 
tjnnn of hydrogen ; hut since 1 g. of hydrogen combines 
with 35 2 g. of chlorine, the weight of any metal which 
displaces 1 g. of hydrogen from hydrogen chloride is also the 
weight of that metal which combines with 35*2 g. of chlorine. 

Such values now begin to gain in importance, as they 
represent the relative weights of the metals which are equal 
or equivalent in two respects; is it possible to extend this 
idea of equivalent weights to other elements besides metals, 
hydrogen, and chlorine 1 ? Many metals combine directly with 
oxygen, and the composition of such oxides is often easily de¬ 
termined. The composition of a metallic oxide being known, 
it is easy to calculate the weight of oxygen which combines 

* The results given here and in the following pages may not be exactly 
those calculated from the data supplied, as the latter are often given 
only to 1 decimal plaoe. If the most accurate experimental values are 
considered, then the results are as stated. 



174 EQUIVALENTS—LAW OF MULTIPLE PROPORTIONS. 


with «the equivalent weight of the metal. Thus the com¬ 
position of copper oxide is, copper 79*9, oxygen 20*1 per cent.; 
and that of f magnesium oxide, magnesium 60*35, oxygen 
39*65 Jjfcr cent. ; therefore 31*5 g. of copper comhine with 
7*94 g. of oxygen, and 1*2*1 g. of magnesium also combine 
with 7*94 g. of oxygen. From the known, composition of 
the oxides of iron, zinc, and silver it is found that 

27*8 g. of iron combine with 7*91 g. of oxygen, 

3*2*4 g. ii zinc m u 7*94 g. n 

107*1 g. m silver n n 7*9-1 g. m 

These results may be now summarised ns follows: 


1 

a Weight of Element. 

Weight of 
Hydrogen dis¬ 
place! 1 hy 
given Weight 
ot Melnl. 

Weight Ol 
Chhnmi- with 
which given 
Weigh 1 ul Metal 

I 'Mutinies. 

Weight of 
<>\\m>ii with 
which given 
Weight »il Metal 
( 'i »niiine>. 

Magnesium 12*1 g. 

1 «• 

:r >-2 g. 

7 *94 g. 

Zinc . . 32*4 g. 

1 g- 

3.V2 g. 

7*94 g. 

Copper . 31 '■”» g. 

1 K- 

35 2 g. 

7 *94 g. 

Iron . . 27*<3g. 

1 «. 

35 2 g. 

7 *!*4 g. 

Silver . ]()7’J g. 

1 «• 

35-2 g. 

7 *94 g. 


Clearly these equivalent weights are of considerable im¬ 
portance, as they express the weights of the metals in grams 
which displace 1 g. of hydrogen, or comhine with 35*2 g. of 
chlorine, or combine with 7*94 g. of oxygen. It is also 
evident that equivalent weights for the elements chlorine and 
oxygen have also been obtained, because the values 35*2 and 
7*94 respectively are the relative weights of these elements 
which comhine with one equivalent weight of any given 
metal. The values 1, 35*2, and 7*94 also express the relative 
weights of the elements hydrogen and chlorine, hydrogen 
and oxygen, which combine together, the composition of 
hydrogen chloride being, hydrogen = 1, chlorine = 35*2 ; and 
that of water (p. 110), hydrogen 11*19, oxygen 88*81 = 1 ; 7*94. 

Jly analysing compounds of other elements and then making 
simple calculations such as the above it is possible to assign 
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to each element a nujnlier termed its equivalent weight, or 
simply its equivalent (E) ; this number expresses the freight 
of the element in grams whieh combines with or displaces one 

gram of hydrogen. • 

# 

Although the numbers deduced above Mere obtained by taking 
unit Aveight of hydrogen as a bauds, it is clear that any lixed weight 
of any other clement might he taken as a standard instead without 
aileding the relationship and significance of the equivalents. Thus 
if l g. of oxygen solved as basis, since 7*U4 g. of oxygen are equiva¬ 
lent to 1 g. <d hydrogen if would simply be necessaiy to divide the 
above numbers by 7*94 ; their ref at ire, values would not be changed. 
The equivalent of an element, therefore, is the weight of that 
element in grams which combines with or displaces a standard 
weight of some standard element. 


The. meaning of the term equivalent may perhaps be further 
illustrated by considering the results of experiments in whieh 
one metal directly displaces another. "When iron is placed 
in a solution of copper sulphate, the iron dissolves chemically 
and copper is precipitated (p. 40); if a weighed quantity of 
clean iron wire (say ()T> g.) is placed in a warm solution of 
e.irrsx of copper sulphate and left for some time, the wire 
disappears completely, and a reddish deposit of copper is 
obtained; this precipitate may be separated by filtration, 
washed, dried, and weighed. It is thus found that 0*5 g. of 
iron displaces 0*507 g. of copper, so that one equivalent of 


iron, namely, 27*8 


it 

? 


,. . 27*8 x 0*507 

displaces -- _ —.11*5 g. or one 

1 0*5 


equivalent of copper. 

Zinc displaces copper from copper sulphate Tinder similar 
conditions, and experiments show that 52*4 g. (or one equiva¬ 
lent) of zinc displace 31*5 g. (or one equivalent) of copper. 

Similarly magnesium displaces silver from a solution of 
silver nitrate, and it is found that 12*1 g. of magnesium 
precipitate 107*1 g. of silver. 

In these experiments one nmtal is suhstiinfed for another; 
.pist as a metal may lie substituted for the hydrogen of 
hydrogen chloride (p. 146), so also certain metals may be 
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substituted for the copper in the compound copper sulphate, 
and so on. 

Another excellent illustration of the meaning of the term 
equivahfht is alforded by the change known as double dr com¬ 
position (p. 147), as, for example, the interaction of copper 
oxide and hydrochloric acid. In each of ttyese compounds 
the elements are combined in eqniralent quantities: copper 
31*5, oxygen 7‘94; hydrogen 1, chlorine 35*2 j this is 
also the case as regards the products copper chloride and 
water; hence double decomposition occurs without a particle 
of any one of the four elements being liberated. 


Copper 
oxide 

A 

/CopjHjr, 31‘5 
lOxygen, 7*94 




Hydrogen 
chloride 

A 

Hydrogen, I 
Chlorine, 3.3‘2 


give 


Copper Hydrogen 

chloride oxide 

A A 

Copper, 31'5 Hydrogen, 1 
Chlorine, 35 2 Oxygen, 7'94 


It is also possible, as is indicated by this example, to extend 
the idea of equivalent weights to comjMumds; the relative 
weights of any two compounds which underyo double decom¬ 
position arc equivalent to one (mother. Since, for example, 
36*2 of hydrogen chloride enter into double decomposi¬ 
tion with 12*1 4- 7*94 == 20*04 of magnesium oxide, or with 
32*4 4- 7*94 — 40*34 of zinc oxide, these weights of the respec¬ 
tive compounds are equivalent to 39*44 g. of copper oxide and 
to one another. 


The Law of Multiple Proportions. 

It follows from what lias now been stated that the equiva¬ 
lent (E) of any element may be determined by finding the 
composition by weight of any compound which that element 
forms with any other element, provided that the equivalent 
of the latter is known. As the equivalent is thus based on 
the analysis of a compound of fixed composition, it iff clear 
that the equivalent deduced from this analysis has also a 
constant value. 



EQUIVALENTS—LAJV OF MU TRIPLE PROPORTIONS. 177 


The equivalent of carbon, for example, may be calculated 
from the composition by weight of carbon dioxide (p. 116); 
since 27*27 g. of carbon combine with 72*73 3 . of oxygen, 
the weight of carbon combined with 7*94 g. (one equivalent) 

, ' . 27*27 x 7*94 _ n _ 

of oxygen is- 7 oT 73 — “ 2*97. 

ft • 

But, as already shown, carbon and oxygen also form a 

compound, carbon monoxide, which contains carbon 42*8 

and oxygen f>7*2 per cent. (p. 122 ); if now the equivalent 

of carbon is calculated from the composition of this compound 

,, , , . . , . 42*8 x 7*94 

the value obtained is ——-— 5 * 94 . 

r>i*2 • 

Hence carlxm has two different e.<juivalents, corresponding 
with its two oxides, the compositions of which are : * • 


Carbon monoxide 


f Carl win, 6. 
I Oxygen, 8. 


Carbon clioxide{^ a,bon » ?* 
I Oxygen, 8. 


Many other cases are known in which two elements unite 
in different proportions by weight. The black copper oxide 
(cupric oxide), obtained by various methods (p. 46), and 
consisting of copper 79*9, oxygen 20*1 per cent. (p. 50), is 
not the only oxide of copper known ; a red oxide (cuprous 
oxide) may also lie prepared from copper sulphate and by 
other methods. This compound may be analysed quantita¬ 
tively by heating a weighed quantity in a stream of dry 
hydrogen and weighing the copper and the water which are 
ionned (p. 40); from the weight of the water, that of the 
oxygen may bo calculated. The substance is thus proved to 
be an oxide of copper, and its composition is determined 
nt the same time. 

10 g. of the red oxide gave 1*26 g. of water and 8*88 g. 
of copper. The weight of oxygen in 1*26 g. of water is 
l‘ 12 g.; the composition of the oxide, therefore, is, copper 
88 * 8 , oxygen 11*2 per cent. 

Now the equivalent of copper calculated from the com- 
* Tlie values are given in whole numbers for the sake of dearness. 

tuotg. l # 
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positHbn of the black oxide is 31*5 (p. 174), and that calculated 

, . . „ . . ... 88*8 x 7*94 

from the composition of the red oxide is - . -— — »o*U; 

hence copper Inis two different equivalents corresponding with 
its two oxides, the compositions of which arc.: * 


Black oxide/Copper, 31’5. Bed oxidt*/ Copper, C3. 

(cupric) \ Oxygen, 8. (cuprous) lOxygon, 8. 


When red lead is placed in nitric acid it is decomposed; 
one of the products is a brown powder which is not further 
acted on by nitric acid. This powder may be separated liy 
liltratiou, washed well, and dried. It is called lend dioxide. 

'Sf’hen lead dioxide is heated, oxygen is liberated and 
HthiTrge (p. 80) remains; 100 g. of lead dioxide lose G*7 g. 
of oxygen and give 93*3 g. of litharge. 

When litharge is lieuted in a stream of dry hydrogen, 
water is formed and lead remains; the composition of litharge 
may thus be determined (compare above), and found to be, 
lead 92'82, oxygen 7*18 per cent. 

The composition of litharge being known, that of load 
dioxide may be calculated as follows : »Since 100 g. of litharge 
contain 92*82 g. of lead, 93‘3 g. of litharge (the quantity ob¬ 
tained from 100 g. of lead dioxide) contain 86*0 g. of lead ; 
the composition of lead dioxide, therefore, is, lead 86*6, and 
oxygen 134 per emit. 

.Now the equivalent of lead calculated from the compo¬ 
sition of lead dioxide is 51*3, that from the composition of 
litharge 102*6; lienee load lias two different equivalents oor- 
respondiifg with the two oxides, the compositions of which 
are: * 


Lead dioxide 


f Lead, 

I Oxygen, 


f»l*3. 

8 . 


Litharge 


{ 


Lead, 

(>xygen, 


102 * 6 . 

8 . 


These three examples may serve to show that two elements 
may unite in different proportions to form two (or more) 
compounds; consequently an element may have two or more 


* The value* are rounded off for the bake of cleameas. 
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equivalents.* It will bo seen, however, that there is a simple 
relation between the two (or more) equivalents of any given 
element; in the examples just studied the higher <Jno is a 
simple multiple of the other. • 

The results of the examination of many such cases in 
which two elements A and 11 unite in different proportions 
by weight are summarised in the law of multiple propor¬ 
tions : 4 When any turn elements A and B combine to form 
'more than one compound , the weights of B which unite with 
any fired weight of A stand to one another in the ratio of 
small whole numbers This ratio is not necessarily 1 : # 2 as 
in the above examples, but may ho 1:3, 2:3, or any other 
simple ratio. * • 

Since the proportions by weight in which elements com¬ 
bine are always equal to or simple multiples of their equiva¬ 
lents, it follows that * when two elements A and B combine 
with one another, and also combine separately with any other 
element C, the weights of A, B, and C in all the compounds 
which they form arc expressed by their equivalents or by 
simple multiples thereof.' This is known as the law of 
reciprocal projections. 


CHATTER XX. 

The Atomic Theory. 

The law of multiple proportions was discovered by John 
Dalton (in 1804); the discovery led him to suggest a very 
important theory which would explain or account for this law, 
and also for the law of definite proportions (p. 53). Before 
considering this theory, the following rough mechanical illus¬ 
trations of these two important laws may he considered. 

* If in tlio above examples the weight of oxygen combi nod with a Jtsecd 
weight of the other element is calculated, then of course two equivalents 
of oxygen are obtained instead of two of the other element, • 
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Imagine a large number of extremely small balls, all made 
of the stuff or matter of an element (A), say carbon, and all 
of the came weight; also a large number of balls of an 
element (B), say oxygen, all of the same weight. Let the 
relative weights of the A and B balls be 5*94:7‘94, or in 
round numbers 6 :8. * 

Now imagine that one of the A balls and one of the B balls 
attract one another and combine together, forming a paired or 
compound ball AB; and suppose, further, that some millions 
of these pairs are formed in a similar manner. 

Then if any considerable weight of matter consisting of 
these 1, compound balls AB were examined it would be found 
to^have constant properties ; if, in any way, the A balls could 
be separated from the B balls, the matter AB would he 
regarded as a compound; nevertheless it would he constant 
in composition, and would always consist of 6 parts by weight 
of A matter to 8 parts by weight of B matter, whatever 
sample was examined. 

Imagine further that, under other conditions, instead of 
one A hall attracting only one B ball, it attracts and com¬ 
bines with two, and that some millions of these trios 
A,2B are formed; then if any considerable weight of matter 
composed of these compound balls A,2B were examined, 
it would be found to have constant properties ; if, by 
any means, the A halls could he separated from the B 
balls, the matter would be regarded as a compound; never¬ 
theless it would be constant in composition, and would always 
consist of 6 parts by weight of A to 16 parts by weight 
of B. If now the compositions of the pairs AB and 
the trios A,2B are considered, then, taking a fixed weight 
of B, say 8 parts, the weight of A in the pairs AB is 6, 
while in the trios A,2B it is 3; that is to say, if the 
halls A represent carbon matter, and the balls B oxygen 
matter, the compositions of the pairs AB and of the trios 
A,2B are those of carbon monoxide and carbon dioxidp 
respectively (p. 177). 
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AB 


A. ..6 parts by weight. 

B. ..8 


» 


A,2B 


A... 6 
2B...16 


or 


A. .. 3 parts by weight. * 

B. .. 8 if n 


These results »would only be obtained so. long as the balls 
diil not get chipped or broken. J[f they were breakable 
(divisible), and pieces got broken off and separated, then 
any considerable weight of the matter AB or A,2B would not 
•always consist of the same proportion of A and B matter; 
different samples would differ in properties, including com¬ 
position, and the proportion of A combined with a fixed 
proportion of B matter would vary indefinitely. 9 

If now, instead of carbon and oxygen matter, the balls *A 
are composed of copper and B of oxygen matter respectively, 
and have the relative weights 31*5:8, then by making pairs 
AB a compound having the composition of black copper 
oxide, and by making trios 2A,B a compound having the 
composition of red copper oxide, would result (p. 178). 

Similarly, witli balls A of lead matter, and balls B of 
oxygen matter, having the relative weights 102*6 and 8, the 
pairs AB would have the composition of litharge, the trios 
A,2B the composition of lead dioxide (p. 178). 

Now when two elements condone, the properties of the 
resulting compound are absolutely dilfeient from those of its con¬ 
stituents ; in this respect the crude illustrations given al>ove fail 
to give any idea of chemical combination, a fact which should 
be carefully borne in mind. This difficulty being ignored, and 
certain assumptions being made, the compositions of all the 
above combinations of different kindsof matter are in accordance 
with the laws of fixed composition and multiple proportions. 

What assumptions have been made regarding these com¬ 
binations 7 

1. That the stuff or matter of which an element consists is 
made up of small balls or particles. 

2 . That all the balls or particles of which an element coo- 
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sists are of tlie same weighty but differ in weight from those of 
another element. 

3. Tl\at thcr balls or particles cannot lx* broken or divided 
into smaller parts ; tlipt they are imdrixihte. 

4. That the balls or particles combine with one another in 

sintpie ratios. <. • 

Such assumptions as these were made by Dalton, and to the 
indivisible, indestructible, extremely small particles, of which 
he supposed elements to consist, he gave the name 'atoms.' 
These assumptions constitute the Atomic theory, of which 
the foundations were thus laid by Dalton. 

According to this theory an atom is an imfirisih/e part of 
an clement ; consequently it is the smallest mass of an 
clement which can combine with any other element, or, in 
fact, take part in any chemical change. All the atoms of a 
given element have the same weight. 

A compound is formed by the combination of atoms of 
different elements in some simple ratio ; each particle of the 
compound so formed is called a molecule, and the molecule of 
a compound is thus the smallest weight of a compound which 
can exist. 

It does not follow from the atomic theory that the atoms of 
an element are quite independent of one another; they may 
or may not form little groups or collections. Jn fact, there is 
evidence that in the case of man y free elements their atoms do 
thus group themselves together; the smallest weight of an 
element which thus exists in the free, (or uncombined) state is 
called a molecule of that element. Some elements may have 
molecules of single atoms only, others may form molecules 
each consisting of two atoms, and so on. These molecules, how¬ 
ever, when they consist of more than one atom, may lie resolved 
into their atoms when two elements combine, so that it is not 
the molecules but the atoms which unite together. 

Chemical change may now be defined as a change which 
results in the formation of new molecules of an element or of 
a compound. 
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According to the atomic theory, when two elements A 
ami B combine to form a compound, individual atom# of 
A combine with individual atoms of B; lar&e, indefinite 
collections of atoms do not unite together. The simplest case 
is when one atom of one element unites with one atom of 
another. But ah atom of one element nmycombine with two 
atoms of another, or with three, four, and so on; or two 
atoms of one element may combine with three of another, and 
so on. 

Suppose, therefore, that two elements, say hydrogen and 
chlorine, which only form one compound, are caused to com¬ 
bine, and that one atom of hydrogen unites with one atom of 
chlorine to form a molecule of hydrogen chloride, thtfli # if 
there are more atoms, say, of hydrogen than of chlorine, the 
surplus or excess of hydrogen remains ‘ free,’ and the result is 
a mixture of molecules of hydrogen chloride and of hydrogen. 
1 lut the hydrogen chloride itself is always fixed in composi¬ 
tion because it is formed of molecules all of which consist 
of one atom of hydrogen of definite weight and one atom of 
chlorine of definite weight. 

Suppose, again, that two elements, say carbon and oxygen, 
which may form two compounds, are brought together under 
such conditions that one atom of carbon may combine either 
with one or with two atoms of oxygen ; then one compound, 
or a mixture of two compounds, may be formed according to 
the relative proportions of the elements present. If the total 
number of carbon atoms is greater than that of the oxygen 
atonic some of the former remain as free carbon, whereas if 
the total number of oxygen atoms is more than double that of 
the carhou atoms some of tho oxygen remains free. In any 
case the compound or compounds formed are fixed in com¬ 
position, and the weights of carbon in the two compounds, 
combined with a fixed weight of oxygen, hear a simple ratio 
to one another, because the weights of the atoms and the 
numbers of each in the molecule are fixed. The atomic theory 
thus accounts for the laws of chemical combination. 
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Atomic Weights. 

Sinoo all ^fche atoms of a given element have the same 
weight, but atoms of \liilerent elements have different weights, 
if an atom of each of the elements could be separately 
weighed, and the tveight of each expressed ii* terms of some 
extremely small unit, the numbers thus obtained might be 
called the atomic weiyhts of the elements. As, however, it is 
impossible to obtain a single atom, or to weigh one even if it 
could be obtained, the question arises: Is it possible to deter¬ 
mine the relative ireitjhts of the. atoms—that is to say, to 
ascertain how many times the atom of one element is heavier 
ttyaif that of another % This problem was considered by 
Dalton, and it will ho useful to examine how he set about it. 

Knowing that water is composed of 1 part by weight of 
hydrogen and 8 parts by weight of oxygen,* Dalton supposed 
that the molecule of water was composed of 1 atom of hydro¬ 
gen and 1 atom of oxygen, in which case it is clear that the 
oxygen atom must be 8 times as heavy as the hydrogen atom, 
and the relative atomic weights are determined. In order to 
express these assumptions in a short way, Dalton used signs 
or symbols for the two elements, namely, the symbol Q for 
oxygen and (•) for hydrogen, and represented the molecule of 
water by the combined symbols of the elements contained in 
it—thus, OO- This collection of symbols, or formula, was 
intended to show that the molecule of water is made up of 
1 atom of hydrogen and 1 atom of oxygen, and as each symbol 
represented also the relative weiyht of the atom of the element 
for which it stood, the formula also expressed the composition 
by weight of the compound water. 

Again, knowing that carbon monoxide is composed of 
6 parts of carbon to 8 parts of oxygen by weight, Dalton 
assumed that carbon monoxide was composed of 1 atom 

* The most accurate value is 7'91 parts by weight of oxygen, while 
Dalton took it as 7; here and in several other cases whole numbers are 
given lor the sake of simplicity, and Dalton’s actual figures are not used. 
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of carbon and 1 atom of oxygen, and wrote its formula 
• O, the black circle representing 1 atom of carbon ; carbon 
dioxide, which contains carbon and oxygen in the proportion 
3:8 or 6:16, lie represented by the fprinula O # O* If 
tlie.se assumptions are farts, then the relative weights of the 
atoms of hydrogen, carbon, anil oxygen wouJd be 1 : 6 : 8 ; and 
Hies three lormuhe given above would express the compositions 
by weight of the three compounds water, carbon monoxide, 
and carbon dioxide respectively, because each symbol repre¬ 
sents the relative weight of the respective atom. This idea 
of using a symbol for each of the elements was extended by 
Berzelius (in 1818), and is now generally employed. •The 
symbo 1 is usually the lirst letter of the name of the element; 
but when the names of two or more elements have the same 
initial letter, and the single letter has already been appro¬ 
priated, tin'll the lirst two hitters form the symbol. Thus the 
symbol of carbon is C ; of calcium, Ca ; of copper (cuprum), Cu ; 
and so on. A list of elements with their symbols is given 
later (p. 201). Compounds are then represented hy writing 
side hy .side the symbols of the elements they contain, a small 
numeral after the symbol and below the line showing how 
many atoms of that element are present in the molecule ; thus 
CO represents the molecule of carbon monoxide, C0 2 that of 
carbon dioxide. 

Returning now to the question of atomic weights, it has 
been noted that ]>alton suppos'd or assumed that the mole¬ 
cule of water is comjiosed of 1 atom of hydrogen and 1 atom 
of oxygen ; its formula would then he HO. Hut suppose that 
2 atoms of hydrogen combine with 1 atom of oxygen; the 
formula of water would then be H 2 0, and as water is com¬ 
posed of hydrogen and oxygen in the proportion 1:8 by 
weight, the oxygen atonr would be eight times heavier than 
2 atoms of hydrogen, 16 times heavier than 1 atom of hydro¬ 
gen ; the relative atomic weights would not be 1:8 as 
supposed by Dalton, but 1:16. 

Again, suppose that 3 atoms of hydrogen unite with 1 atom 
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of oxygen; the formula of water would then he H 3 0, and the 
relative atomic weights 1 :24. Lastly, suppose that 1 atom 
of hydrogen unites with 2 atoms of oxygen; then the formula 
would be HO,, and t]ie relative atomic weights 1 :4. 

It must be evident, therefore, that the relative weights of 
the atoms of hydrogen and oxygen cannot be determined from 
an analysis of the compound which these elements form with 
one another unless it is known how many atoms of hydrogen 
and of oxygen have combined to form the molecule of water. 
The analysis of water merely gives the equivalent of oxygen— 
that is to say, the weight of oxygen which combines with 
1 gmn of hydrogen. If, however, the different jxn&ihle. values 
for ^lie (relative) atomic weight of oxygen are considered, 
n&inely, 8 , 16, 24, 4 (see above), it will be seen that they 
arc all a simple multiple or a simple fraction of its equivalent 
(E = 8 ); and whatever be the (relative) atomic weight of 
oxygen, this relation must hold : (Relative) atomic weight = wE, 
where n is some simple whole number or some simple fraction. 

The case of another hydrogen compound may next be con¬ 
sidered. Hydrogen chloride is composed of hydrogen and 
chlorine in the proportion 1 :35-2 by weight. Now if hydro¬ 
gen and chlorine combine atom to atom, the formula of 
hydrogen chloride is HCI, and the (relative) atomic weights 
of hydrogen and chlorine arc 1 :35• 2 . If, however, 1 atom 
of hydrogen combines with 2 atoms of chlorine, the formula 
is HCI,, and the (relative) atomic weights 1 : 17 *6 ; if the 
formula is H,C1, the (relative) atomic weights are 1 : 70*4; and 
so on. Jiut in every case the (relative) atomic weight of 
chlorine is a simple fraction or a simple multiple of the 
equivalent (E =■= 35 m 2); At. Wt. = wE. 

Lastly, consider the case of the two oxides of carbon. In 
carbon monoxide the equivalent of carbon is 6 . Then if the 
molecule of carbon monoxide is represented by the formula 
CO, the (relative) atomic weight of carbon is 6 (0 = 8 ); if the 
formula is C,0, the (relative) atomic weight of carbon is 3 ; if 
0 «n then it is 12 ; and so on. In carbon dioxide the equivu- 
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lent of carbon is 3. Then, if the formula is 00, the (relative) 
atomic weight of carbon is 3; if the formula is CO*, the 
(relative) atomic weight is 6 ; if C0 3 , then it is ft; am^ so on. 
The (relative) atomic weight of carl > 09 , therefore, may bo 
3, 6 , 9, 12, &c.—that is to say, a simple multiple or fraction 
of both (or all) its equivalents.' . 

Hence the equivalents of an element, accurately determined 
by analyses of its compounds, are extremely important values, 
because the (relative) atomic weiyht of an element must be 
a simple multiple or simple fraction of all its equivalents: 
At. AVt. = n E. 

Kow the equivalents of all elements may be found e^eri- 
mentally, and, by various methods to be described later* the 
value of n in the above expression can be determined : tfie 
trial ire atomic weights, usually known as the atomic weights 
of the elements, are thus lixed in terms of some suitable 
standard, namely', the weight of an atom of hydrogen. 


CHAPTER XXL 

The Law of Gay-Lussac.* 

Since every compound has a fixed composition by weujhl , 
and since? the volume occupied by a given weight of a given 
gas at N.T.P. is also fixed, it follows that when any com¬ 
pound is decomposed into gaseous elements, or when gaseous 
elements combine to form a compound, the relative volumes 
of these gaseous elements at 1S.T.P. arc also constant. 

Further, if a gaseous compound, A, is formed by the combi¬ 
nation of a gaseous compound, R, with an element, C (as, for 
example, when carbon dioxide is formed from carbon monoxide 
and oxygen), the relative volumes of the product, A, and of 
the two gases, B and C, which unite, are also constant. 

* Also known as Gay-Lussac’s law of gaseous combination (or of combin¬ 
ing volumes). 
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It follows, therefore, that whenever two (or more) gases 
are formed by the decomposition of a gaseous compound, 
or uni^o to form a gaseous compound, the volumes of all the 
gases concerned in the given change are always in the same 
fixed proportion. 

About a century ago (1808) Gay-Lussac and Yon Humboldt 
carried out a very important investigation in order to find 
experimentally the proportions by volume of the gaseous sub¬ 
stances taking part in certain chemical changes. Some of the 
compounds they used have not yet been studied, so the results 
they obtained will be illustrated by other examples. 

The compound hydrogen chloride is formed (with explosion) 
whew hydrogen and chlorine are mixed together and an electric 
spark is passed through the mixture. 

As chlorine cannot be collected over mercury (because it 
combines with this metal) and is soluble in water, this experi¬ 
ment has to be earned out under special conditions, and is a 
difficult one to perform. 

It has been proved, however, that one volume of hydrogen 
combines with one volume of chlorine to form two volumes of 
hydrogen chloride, all the gases being measured under the 
same conditions of temperature and pressure. 

When water (to which a few drops of sulphuric acid have 
been added) is decomposed with the aid of an electric cur¬ 
rent in a voltameter (p. 108) and the volumes of the liberated 
gases are measured under the same conditions, the volume of 
the hydrogen is always double that of the oxygen ; it follows, 
therefore, that two volumes of hydrogen combine with one 
volume of oxygen to form the compound water. 

This may also be proved as fellows: Some pure dried 
hydrogen is passed up into a eudiometer (fig. 60, p. 162) 
filled with mercury, and its volume is carefully noted and 
corrected to N.T.1\; an approximately equal volume of pure 
dried oxygen is then passed into the same tube and the total 
volume of the mixed gases is noted and corrected to N.T.P.; 
by subtraction the volume of the oxygen js found. 
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The eudiometer is now pressed down on an india-ifibher 
pad in the mercury-trough and firmly clamped in position, 
after which an electric spark is passed between JLhe platinum 
wires (a, a); an explosion results, the gases combine, and 
most of the water which is formed condenses to a liquid— 
which then occupies a volume so relatively small that it may 
be neglected. On the eudiometer being slightly raised from 
the rubber pad, the mercury immediately rises in the tube 
and its level becomes constant; the volume at N.T.P. of the 
remaining gas is now ascertained (it is saturated with aqueous 
vapour, and the observed pressure must be corrected), and it 
can be proved that this gas is oxygen, free from hydrogen, as 
it is completely absorbed by phosphorus. Quantitative ex¬ 
periments of this kind show that two volumes of hydrogen 
always combine with one volume of oxygen ; if either gas 
is present in excess of this proportion that gas remains 
unchanged. 

If the combination of oxygen and hydrogen takes place at 
a temperature above the boiling-point of water and at atmos¬ 
pheric pressure, then the whole of the water remains in the 
state of vapour, and its volume may also be measured; it is 
then found that two volumes of hydrogen and one volume 
of oxygen combine to give two volumes of water vapour, all 
the gases being measured under the same conditions. 

One limb of the eudiometer (a, fig. 67; compare also 
fig. 61, p. 162) is surrounded by a glass jacket (h), through 
which is passed from (r) the vapour of some liquid (amyl 
alcohol, for example) of boiling-point considerably higher than 
that of water; this vapour then passes through the condenser 
(ft). Dry electrolytic gas (p. 109), which is known to be a 
mixture of two volumes of hvdrogen and one volume of 
oxygen, is introduced .into the eudiometer, and when the 
temperature is constant the mixture is brought to atmospheric 
pressure (compare p. 162). A spark is then passed through 
the gaseous mixture (observing necessary precautions), and 
after again adjusting the pressure the volume of the water 
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vapofir is noted; three volumes of tho electrolytic gas give 
two volumes of water vapour. 

The combination of carbon monoxide and oxygen to form 
carbon dioxido may^also l»e examined volumetrically; it is 



Fig. 07. 


then found that one volume of oxygon com hi nos with two 
volumes of carbon monoxide to form two volumes of carbon 
dioxide. 

One of the gases is passed into the eudiometer (fig. 60, p. 162), and its 
volume (\'i) is noted and corrected to N.T.P. The other gas is then 
added, and the corrected volume (v a ) of the mixture is ascertained. 
The volume of tho second gas is obtained by difference, and, for 
convenience, the osryycn (v.-vj is used in excess. The mixture 
is then exploded, and after the explosion the cmrected volume (v 3 ) 
of the mixture of carbon dioxide and oxygen is ascertained ; the 
diminution or contraction (v^ — v 3 ) which has occurred is found hv 
subtraction. A strong solution of sodium hydroxide is then passed 
up into the tube, whereupon the carbon dioxide is absorbed. The 
corrected volume (v 4 ) of the remaining gas (oxygen) is now asccr 
tabled, and the volume (v # - v,) - v, of this gas which has combined 
with the known volume (Vj) of carbon monoxide to form a known 
volume (v 3 - v 4 ) of carbon dioxide is thus determined. 
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Example: t 

Corrected volume of carbon monoxide (vj), 20*4 c.c. 

•• »• and oxygen (v 2 ), 401 c.c. 

of oxygen (v 2 -v,), 197 c.c. * 

after explosion (v. { ), 2p*9 c.c. 
of oxygen (v 4 ) after absorbing carbon dioxide, 


H 

If 

ff 

«« 


If 

II 


9*5 c.c.. 

n of carbon dioxide formed (v. { -v 4 ), 20‘4 e.c. 

Hence 19*7 - 9*5 = 10*2c.c. of oxygen have combined with 20*4 c.c. 
»f carbon monoxide to form 20*4 c.c. of carbon dioxide. 


The results of many experiments of this nature ]p<J 
Gay-Lussac and Von Humboldt to the following important 
generalisation, which, tested and verified by numerous latei 
investigators, is now known as Gay-Lussac’s law : ‘ 1 Tin 
relation volumes of the yaseous substances which take part*in B a 
chemical chan ye are always expressed by some simple ratio.' 


lb is possible to deduce this law without actually measuring the 
volnmes of the gases, provided that their densities are known and 
also the composition by weight of the compound gas which is 
formed or decomposed in the given change. Thus, as it iR known 
that the densities of hydrogen, chlorine, and hydrogen chloride are 
1, 35 *2, and 18*1 respectively, and that the composition of hydrogen 
chloride is H — 2*76, Cl = 97*24 per cent., the relative volumes 
of the hxdrogen and chlorine which combine may be calculated. 
'Plie volume of any gas required to give unit weight of that gas 
is inversely as ils density ; hence the volume of hydrogen required 

V" 

to give 2*78 g. of this element, being 2*76 x -, the volume of 


V 

chlorine required to give 97*24 g. of chlorine is 97*24 x - - ; that 

is bo say, the volnmes must, be equal. Further, since the density 
of hydrogen chloride is 18*1, which is the mean of those of its 
1 I 3f>'2 

constituents, or —its volume must he equal to the sum of 


the volumes of the hydrogen and chlorine - that is to say, tiro 
volumes. Putting this in another way, since 2 volumes of 
hydrogen chloride weigh just the same as 1 volume of chlorine 
+ 1 volume of hydrogen, no change in volume occurs when the 
elements combine. 

Again, the densities of hydrogen and oxygen being known to 
1 be 1 ; 15*88, and the composition of water being H — 11 2, O = 88*8 



192 


THE LAW OP GAY-LUSSAC. 


per cgnt., the volumes of the gases which combine must he in 

the ratio 11*2 x ^ : 88*8 x , v or as 11*2 : 5*6 = 2:1. The density 
1 ]y*88 


of water vapour is 8*94 (j». 161); since 2 volumes of hydrogen 
(D = l) c and 1 volume of oxygen (1) — lo*88) combine, there 


4.1 1 + 1 + lo *88 f n . , , 

must be - -=2 volumes of water vapour. 

S ‘94 


In a similar manner the volume relationship rfiay he calculated 


in other cases, and the results are expressed by the above law. 


Now Gay-Lussac’s law has a most important bearing on 
the atomic theory. According to this theory, when two 
elements unite to form a compound the individual atoms 
of the different elements combine, in some simple ratio to 
form molecules of the compound; therefore the total mi miters 

of the atoms of the elements which combine must also he in 

« 

some simple ratio . But the volumes in which gaseous elements 
combine are also in some simple ratio; therefore, the numbers 
of the atoms in equal volumes of different gaseous elements 
are in a simple ratio. 

To make this reasoning clear, imagine two boxes of equal 
volume, one containing white, the other black halls (atoms), 
and that the balls are so small that their combined volume 
only fills a small fraction of the volume of the boxes; these 
balls may then represent the atoms or molecules of two gases 
(p. 182). Suppose now that one ball is taken from each box 
to make a compound ball 0#> and that this operation is 
repeated as long as possible; if then both boxes are emptied 
simultaneously, they must at first have contained equal numbers 
of balls (in the equal volumes). 

Suppose next that the white balls (atoms) are originally 
joined in pairs (molecules), and that the black balls also form 
pairs, then if, on making the compound O#* by separating 
the pairs and taking one white and one black hall, the boxes 
are emptied at the same time, the equal volumes must again 
have contained equal numbers of pairs (molecules). 

Now imagine several boxes of equal volume, some contain 
ing white and some black balls, and that both kinds of halls 
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arc grouped in pairs (molecules), but that two black bails are 
taken to every single white one to form a compound # O • > 
then, if exactly two boxes of black balls are emptied tp every 
one box of white ones, the three boxes pf equal volume con¬ 
tained equal numbers of pairs (molecules). 

Lastly, supple that the white balls foryi groups or mole¬ 
cules of three;, while the black ones form molecules of two; 
then if, on breaking up these molecules and forming a com¬ 
pound 0#> exactly three boxes (volumes) of black halls are 
emptied to every two boxes of white ones, all the fire boxes 
of equal volume, contained equal numbers of molecules. 

In all these cases the volumes in which the balls are«con¬ 
tained are in a simple ratio, whether the halls aie single or 
grouped in pairs or in sets of three. • 

These rough ami unsatisfactory analogies may help to show 
that a most important conclusion may he drawn from the fact 
that gases combine together in simple proportions by volume. 


CHAPTER XXII. 

Avogadro’s Hypothesis and the Law of 
Du long and Petit. 

It was pointed out by Avogadro (in 1811) that Gay-Lussac’s 
law could be accounted for or explained by assuming that 
equal volumes of all gases contain equal numbers of 
molecules, under the same conditions of temperature and 
pressure ; this most, important generalisation is now known 
as Avogadro’s hypothesis or theory, and is a necessary 
deduction from the kinetic theory of gases. 

Unfortunately many years passed before the importance of this 
hypothesis was recognised, and it was not until it had been em¬ 
ployed by Gerhardt and hy Cannizzaro that its adoption became 
general. 

Inorg. H ( 
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W!tli the aid of Avogadro’s hypothesis the science of 
chemistry made great progress, for it now became possible to, 
settle the relation between the equivalent and the atomic 
weight(p. 187) of an element. 

In the lirst place* the relative ire if/hi* of the. molecules 
of elements and com pounds could now be ascertained by 
direct weighing. If equal volume's of two different gases are 
weighed under the same conditions, since they contain equal 
numbers of molecules, the relative ireo/hls of their mi decides 
must be the. same as the relative weitjhts of the equal volumes. 

Now the itcusifi/ of a gas (compare footnote, p. Go) is 
the >veight of the gas in terms of that of an equal volume' 
of hydrogen ; the density, therefore, also gives the relative 
weight of the molecule of the element or compound. 

The densities of some gases arc given in the following 
table. In the case of the gaseous elements, the equivalent of 
the element is also stated. 



Wi-mlit nl 1 
l.ilie atN.T.P. 
in (iiam.H 

Density. 

Equivalent 

Hydrogen . 

0 09 

1 

1 

Oxygen 

1 -43 

15*88 

7*94 

Chlorine 

317 

35*2 

3.V2 

Nitrogen 

1 *25 

13*9 

4(13 

Water (vapom) . 

0\S0 

89 

— 

Hydrogen chloride 

1 *03 

18*1 

- - 

Carbon dioxide . 

1 *90 

21*8 

_ „ 

Carbon monoxide 

1 *25 

13*9 

_ 


A consideration of these values at once brings out an im¬ 
portant fact, namely, that in the case of the elementary gases 
the density is a simple multiple of the equivalent; thus the 
density of chlorine is the same as its equivalent., that of 
oxygen is E x 2, that of nitrogen E /. 3. The density, there¬ 
fore, has some close connection with the atomic ncUfld of an 
element, since the latter always hours n simple ratio to the 
equivalent (p. 187). 

Now what is meant by atomic weight) It is a number 
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expressing the weight of an atom of an element in terms of 
that of an atom of hydrogen; and an atom is the smallest 
weight of an element .which can take part in iJhe fonmation 
of a compound, or which can exist in the molecule of a 
compound. 

If, then, the dilative weights of the molecules of a number 
of compounds of hydrogen are determined by direct weighing, 
and the weight of hydrogen which is contained in these 
relative weights is known (from analyses), then those 
compounds which contain the smallest weight of hydrogen 
may lie supposed to contain only one atom of that element in 
the molecule. w 

In t! le following table the actual and relative weights of 
one litre of different compounds of hydrogen, and of hydrogen 
itself, are given in columns I. and II. respectively; the 
actual weights of the hydrogen matter contained in a litre of 
the different gases (as determined by analysis) are given in 
column III. Several compounds which have not yet been 
described are included in the table in order to bring out more 
clearly the desired principle. 


Hydrogen chloride 
Hydrogen bromide* 
Hydrogen (free gas) 
Hydrogen oxide] 
(water vapour) ) 
Hydrogen mtiidef] 
(or ammonia) j 
H ydrogen carbide :|; \ 
(or methane) j 


I. 

Actual 
Weight of 

J Lille at 
N.T.T. 
in Uiams. 

n. 

Density 
(Relative 
Weight ol 
Molecule). 

ill. 

Actual 
Weight of 
Hydrogen 
in I Litre. 

IV. 

Relative 
Weight of 
Hydrogen in 
Litre, and 
therefore in 
MoleculOk 

1-B3 

18*1 

0 045 

1 

3*02 

40 "2 

0-045 

1 

0 09 

10 

(>•09 

2 

0-80 

8-9 

009 

2 

0-76 

8-/) 

0 135 

3 

Q’7‘2 

8-0 

0180 

4 


*A compound of hydrogen and bromine, very similar to hydrogen 
chloride. 

t A compound of hydrogen and nitrogen (p. 200). 

% A oompound of hydrogen and carbon. 
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From this table it is seen that the weight of hydrogen in a 
litre of hydrogen chloride (and in a litre of hydrogen bromide) 
is lessr than 'the weight of hydrogen in a litre of any of the 
oilier compounds; that is to say, when the relative weights 
of the molecules of \arums hydrogen compounds are con¬ 
sidered, and alstr the relative (or actual)’ weights of the 1 
hydrogen mailer contained in these molecules, it is found 
that those of hydrogen chloride and of hydrogen bromide 
contain a smaller weight of hydrogen than any of the other 
molecules. 


.Now no known compound of hydrogen, in the, state of gas 
or vapour, contains le^s Ilian 0 01b g. of hydrogen in the. 

litre*; that is to niv, no molecule is known in which there is 

• ■ 

a smaller weight of hydrogen Ilian is present, in the molecule 
of hvdrogen chloride, (and hydrogen bromide). As an atom 
is the smallest, weight of an element which can exist in any 
molecule, it may he, concluded that the molecule of hydrogen 
chloride (and that of hydrin bromide) contains only one 
atom, of hvdrogen. 

Tim atomic weight of hydrin, therefore, might be 
arbitrarily fixed as (kOlb. Such a vdue, however, would he 
highly inconvenient, and so the atoniii’ weight of the standard 
element may he taken as a whole number and put - 1, 10, 
100, or arty other value ; merely for the sake of simplicity 
the atomic weight of hydrogen is taken as 1. 

Returning to the table (cofumn IV.), it will be seen 
that the weight of Indrocrmi \mattcr contained in a litre 

•I 1/ 7 

of frtvi hydrogen or in the molecule of hydrogen is just 
double that of the hvdrogen matter contained in a litre 
of hydrogen chloride or jin the molecule of hydrogen 


chloride; hence the mohrufo of hydrogen consists of tiro 
* atoms. The weight of a mtywoilr of an element or com¬ 
pound in terms of that of o'ye atom of hydrogen is called 
,$pjtie molecular weight (M. W.,1; hence the molecular weight 
j§?'bf h vdrogen is 2. V 

Jsow, since 0-0899 gram of Hydrogen occupies 1 litre, 
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2 grams (or one gram-molecule, or the molecular height 
in grams) of hydrogen occupy 22*25 litres at JN r .T.P. 
( 0 * 0*99 : 2 :: 1 : j? - 22*25). • . 

Jhit according to Avogadio’s hypothesis the relative heights 
of equal volumes are also the relative, weights of the molecules 
themselves; hei*ce the. number which expresses the weight in 
grams of 22*25 litres of any gas■at N.T.P. also gives the 
molecular weight of that gas ; one gram-molecule of every 
gas occupies 22*25 litres at N.T.P. 

The data in the table (p. 195) may now he put more con¬ 
veniently. The weight in grams of 22*25 litres of the gas is 
given in column 111. : this number is the molecular weight of 
the gas, and it will be seen by comparing it wilh the density 
(column Jl.) that in all cases INI. \\\ — I) x 2. * 



1. 

M. 

111. 

IV. 


> Wuijzlil of 

i 

i 

Vci ’lit of 

lill "‘i 1. It It's 
III Ol'illlls 

])lo]iH , iil:il 

W.ML'Ilt. 

Wtojjtlit of 

! ll.ilic :i1 
| N.T F. in 
: Oi.mis. 

! 

i 

Uimi.siI y. 

U\ in 

tilt' 01 Hill- 

Molecule. 

Hydrogen chloride . 

■ 

j l •<»:* 

IK-1 

;)( i -*2 

1 

Hydrogen bromide 

;{<5*2 

402 

SO *4 

1 

Hydrogen (gas) 

' 0*09 

1*0 

2*0 

2 

Hydrogen oxide' 
(water) 

0*80 

Si) 

17-s 

2 

Hydrogen niliide 
(aiiiinoiiia) . 

0*70 

So 

17-0 

3 

Hydrogen carbide) 

(methane) . | 

s-o 

i 

1(50 

4 


Tf is thus possible to tind experimentally the molecular 
weight of any substance (element or compound) which can 
he obtained in tin form of a gas or vapour; its density is 
determined (compare p. 159); and Dx2 — 1M.W. 

The. relation between* density and molecular weight should 
he clearly iffiderstood. The density expresses hnvv many 
times the molecule of the, substance is heavier than a wolenile 
(two atoms) of hydrogen ; the molecular weight expresses 
how many times heavier the molecule is than one atom of 
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hydrogen. The standard is two units in the first case, one 
unit in the other. 

The.deterfxii 11 at io 11 of the atomic weights of other elements 
from the molecular weights of their compounds is based on 
the principle explained in tile case of hydrogen. As large a 
number as possible of compounds of the element are analysed 
quantitatively ; their densities are then determined, and from 
these their molecular weights. The smallest weight of the 
element in the ijram-'hioh'cule of any of its compounds is then 
taken as its atomic weight, or rather the value thus deter¬ 
mined shows what multiple of E must be taken in the 
expfession Ai.Wt. (p. 187). Thus in the ease, of oxygen 
data such as the following are obtained : 



Density. 

Wc’nlil ul 
t’J ‘J'i Lilies 
.it VT.I\ 
in Liams. 
Xlolwoi 1 :li* 
Weight 

Weight u( 
Owneu in 
Uraiii- 

All'll VMS). 

Ueliitivi' 
Wor.'lit »f 

0\j,u't*n ill 
(ilillll- 

Moleeule. 

Water (vapour) 

9 

18 

16 

1 

Carbon monoxide . 

14 

28 

16 

1 

Oxygen (free gas) . 

16 

32 

32 

2 

Carbon dioxide 

22 

44 

32 

2 

Sulphur dioxide (p. 





229) . 

32 

64 

32 

2 


These results, and similar ones obtained by studying 
many other compounds of oxygen, show that tin; smallest 
weight of oxygen in the gram-molecule of any oxygen com¬ 
pound is 16 (or more correctly 15’88); hence, as the equiva¬ 
lent of oxygen is 7'94, the atomic weight of the element is 
Ex 2 = 15-88. 

The exact value for the atomic weight of an element is 
aljtmys obtained from the equivalent. The determination of 
the density of a gas or vapour with great accuracy is a very 
troublesome and difficult task, and if the atomic weight were 
based directly on such determinations, its value might be very 
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inaccurate owing to experimental error.* The equivalent, on 
the other hand, can he ascertained very accurately by the 
analysis of some suitable compound of flic element, nnA then, 
knowing the approximate value of the* atomic weight from 
the density determinations, the exact value is obtained by 
multiplying the "equivalent by the factor indicated, t 

The results contained, in the above table also show that the 
molmtlfi of oxygen consists of two atoms, so that its molecu¬ 
lar weight is 3'J (31 • 76). In a similar manner it is found 
that the molecules of cldor!w j , nifrotm /, and of several other 
elements consist of two atoms. The molecules of some elements 
contain only one atom ; those of others contain three, four, or 
more, t ,s will be shown later. • 


Duloxg and Petit’s Law. 

The method of determining atomic weights, based on the 
above principles, is only possible when the element forms a 
largo number of gaseous or volatile compounds. Mow by far 
the. greater number of the elements are metals, and metals, as 
a rub?, do not give many readily volatile compounds ; their 
oxides, for example, cannot- be converted into vapours, and of 
their simple derivatives only a few chlorides are volatile at 
high temperatures. Fortunately a very important method is 
known by which the atomic weights of such elements may be 
determined. 

In times gone by, before the great importance of Avogadro’s 
hypothesis was recognised, chemists gave arbitrary values to n 
in the expression At. AVt. = mI£ (compare p. 1 So), and thus 
obtained values for the atomic weights which might or might 
not be the true ones. 

* For the sake of simplicity many of the values for the absolute and 
relative weights of the gases given in the preceding tables arc expressed 
in whole numbers. 

t There is another reason why the atomic weight is not based directly on 
the density, namely, that the densities of gases are not exactly proportional 
to their molecular weights. 
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In 1818 Dulong and Petit discovered a most important 
connection between the specific beats * of the solid elements 
and tlweir supposed or probable atomic weights, namely, tliat 
the specific heat x the probable atomic weight was approxi¬ 
mately a constant, varying from about 6 to 7 (average value, 
6*4); f in other words, the speciiic heat of a'solid element is 
inversely proportional (approximately) to its atomic weight. 
Some data illustrating this discovery are given in the table : 


{ Speciiic Heat. 

Atomic Weight. 

Speciiic Meat 

X Atomic Weight. 

Sifver . 

• 

* 

0*056 

1071 

6 0 

Irpn 

• 

• 

0*11 

55-5 

61 

•Zinc 

• 

• 

0-094 

64 9 

6*1 

Copper 

• 

• 

0*092 

63 1 

5*8 

Lead . 

• 

• 

0*031 

205*4 

6*4 


This fact could be accounted for by supposing that all 
atoms have the same capacity fur lieat y because the numbers 
of the atoms in equal weights of different elements are in¬ 
versely proportional to the atomic weights of the elements. 

This generalisation, the law of Dulong and Petit, may 
now be used to fix the approximate atomic weight of an 
element. The specific heat is determined experimentally, and 
the ‘constant’ 6 - 4 is divided by the value thus obtained. 
The result shows the approximate atomic weight only; hut as 
At. Wt = fiE, the value of n is thus determined, and the 
exact atomic weight is then obtained from the equivalent. 

For example, the equivalents of lead are 5] -.‘1 and 102*6; 

the specific heat of lead is 0 031. Now J] J ==206*4, so 

U'U*# 1 

that n- 4 or 2 ; lienee the atomic weight of lead is 51*3 x 4 
or 102*6 x 2, namely, 205*2. 

* The specific heat of a substance is the quantity of heat required to raise 
its temperature from 4° to 5° O., compared with that required to raise the 
temperature of an equal weight of water from 4° to 5* CL 
t This product is oalled the atomic heat* 
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CHAPTER XXIII. 


Empirical and Molecular Formulas. 


■ • 

From their equivalents, by applying Avogadro’s hypothesis 
anil the law of Dulong anil Petit.,'the atomic weights of nearly 
all the elements have been carefully determined; those of 
some of the better-known elements, together with their names 
and symbols, are given in the following table: 


Name. 

Sym¬ 

bol. 

Atomic j 
Wiuglit. * 

__ 1 

Aluminium 

A1 

20*0 

Argon . 

A 

31)-6 

Barium . 

Ba 

13<>-4 

Bromine 

llr 

71)'4 

Calcium 

Oh 

397 , 

Carl ion . 

V 

11 *9 i 

Chlorine 

Cl 

35*2 | 

Copper . 

Oil 1 

63*1 

Hydrogen 

H 

10 ; 

Iron 

IV- 

55 ■,■» j 

Lead 

P),a 

1205'4 

Magnesium 

Mg - 

24*2 j 


Name. 


Manganese 
Mercury 
Nitiogen 
Oxygen . 
Phosphorus 
Potassium 
Silicon . 
Silver 
Sodium . 
Sulphur. 
Tin 
Zinc 


bol. 

Wtlgllt 

Mn 

54 (i 

Hg< 

198*5 

N 

134) 

0 

15-9 

P 

30-S 

K 6 

384) 

Si 

£8 *2 

Ag° 

1071 

Na* 

22-9 

S 

31-8 

Sn 8 

118-1 

Zn 

044) 


1 Cuprum. 


a Ferrum. 3 Plumbum. 4 Hydrargyrum. 
® Argmitum. 7 Natrium. 3 Stannum. 


6 Kali uiii. 


The composition by weight of a given compound being 
known, and also the atomic weights of the elements which 
are contained in it, is it possible to assign a formula (p. 184) 
to that compound 1 

Consider a simple case. The composition of hydrogen 
chloride is known, ami also the atomic weights of hydro¬ 
gen (1) and of chlorine (35*2). What is the formula 
of hydrogen chloride; that is to say, how many atoms of 
hydrogen and of chlorine are contained in the molecule of 
this compound ? The composition of hydrogen chloride is 
H = 2*76, Cl = 97*24 per cent. As the chlorine atom, is 35*2 
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times heavier than the hydrogen atom, if the percentage 
values are divided hy the respective atomic weights tlio 
quotients express the ml iu of the atoms in the compound, 
and therefore in Ihe inolecule, 

H - 2 76- 1 — 2*70 

'Cl - 97-2 i - :3o-2 - 2-7C. * 

As this ratio must he expressed hy whole numbers (portions 
of atoms do not enter into chemical change), it is simplified 
(by dividing l>y the greatest common factor), and thus becomes 
1:1. The simplest formula uhicli would express the com¬ 
position of hydrogen chloride, therefore, is 1IC1 ; such a 
formula, whieh merely shows the rahn of the atoms in the 
ntolocule, is termed an empirical formula (K.F.). Hut the 
comjHnutiun of hydrogen t hloride would also he expressed by 
the formula II.,Cf,, ll..Cl ; , or (1IC1),,, where v is any whole 
number. How, then, is it possible to decide which of these 
formulae represents the molecule of hydrogen chloride'? % 
determining the molecular irviyhi of hydrogen chloride. 

Since the densilv of the gas is 18*1, its molecular weight is 
36*2, and therefore the formula of its inolcr/ilr must he 11C1, 
because 1 -+ 35*2 — 36*2. This formula, whicli expresses not 
only the ratio hut also the actual numbers of the atoms of 
every element in the molecule, is called a molecular formula 
(M.F.), whether it is that of an element or of a compound. 

When molecules of hydrogen chloride are formed, experi¬ 
ment shows that one volume of hydrogen combines with ona 
volume of chlorine to give lira volumes of hydrogen chloride. 
As it was on facts such as this that Avogadm’s hypothesis 
was based, it may now he well to consider whether the con¬ 
clusions drawn from this hypothesis are in agreement with the 
above fact. The conclusions are that the molecules of hydro¬ 
gen, H a (and of chlorine, CL, p. 199), contain two atoms of the 
element, and that the molecule of hydrogen chloride is HCl; 
the hypothesis is that equal volumes of these three gases con¬ 
tain, equal numbers of molecules. Now suppose a litre of 
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hydrogen contains x molecules (II 2 ); then a litre of chlorine 
contains x molecules (Cl 2 ), and a litre of liydrogren chloride 
also contains x molecules (II(Jl). Hut since every liydrogen 
molecule, also every chlorine moleouh* contains tiro atoms, 
and (‘.very hydrogen chloride molecule only our atom, of each 
element, x molecules of hydrogen and x nlolecules of chlorine 
must give 'lx molecules of hydrogen chloride. Further, 
since x molecules occupy one litre, lx molecules occupy 
two litres; that is to say, the volume of the hydrogen chloride 
is double that of the hydrogen or that of the chlorine—a con¬ 
clusion in accordance with the fact. 

Consider next the case of water. Its composition is itnown 
to he 1I~ 11*2, O -- iSS‘8 ]>er cent., and the atomic weighty of 
hydrogen and oxygen are 1 and 15-88 respectively. What is 
the molecular formula of water? Tim empirical formula is first 
obtained by dividing the percentage values by the atomic 
weights of the respective elements, and then bringing the 
ratio to whole numbers, 

11*2 [percentage of hydrogen] 4-1 =11 *2, and 11 ‘2 -4- 5*6 = 2 

88*8 [percentage of ox ygen] 4-15*9 -- 5 6, and u *6 4- 5*6 — 1. 

The empirical formula is thus found to he TC 2 0, so that 
the molecular formula is (If.,())„, where n equals a whole 
number. But the density of water vapour is 8"9-l ; therefore 
the molecular weight is 17*88, and the molecular formula 
must he 1I 3 0(1 + 1 + 15*88). 

When two volumes of hydrogen, II.,, and one volume of 
oxygen, unite, the result is two volumes of water, H 2 0, 
in the state of vapour. As by Avogadro’s hypothesis equal 
volumes of these three substances contain the same number 
(.c) of molecules, if the molecular formula of water is H 2 0, 
the volume of the water* vapour must he the mine as that of 
the hydrogen but double that of the oxygen, because for every 
molecule of water one molecule of hydrogen is required, 
whereas one mvlecule of oxygen suffices for the production of 
two molecules of wetter. In this case also the conclusions 
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which have been, based on Avogadro’s law am in agreement 
with the facts. 

These examples show how molecular formula* are deter¬ 
mined.* The composition of a compound and the atomic 
weights of the elements contained in it being known, the 
empirical formula iis easily obtained. The mcfiecular formula, 
however, remains unknown until the molecular weight of the 
substance lias been determined from the density (or otherwise).t 

As already stated (p. 198), the determination of the density 
is often attended by a considerable experimental error. This, 
however, is of very little importance, because the value for 
the fnolecular weight which is obtained from tin! density 
merely shows clearly what multiple of the empirical formula 
must be used in the expression W.F. - (E.F.)„. The exact 
value for the molecular v'enjht is then obtained by adding 
together the atomic weights of all the atoms in the molecule. 
Thus, if the density of water vapour were found to be 8*8 or 
8*7, the molecular weight of water would not be taken as 
17'6 or 17*4 ; this value merely shows that the value of n in 
the expression M.F. = (H s O)« 1S 1- The exact molecular 
weight of water, therefore, is 1 + 1 + 15*88 = 17*88. 

Equations. 

When the molecular formula* of all the elements or com¬ 
pounds which take part in a given chemical change are 
known, and also the molecular formula of the* product or 
products, the change may be represented both qualitatively 
and quantitatively in a very concise and complete manner. 

Jf, for example, the combination of hydrogen and chlorine 
to form hydrogen chloride is expressed by, 

Ilg + CIj, - 211 Cl, 

* As an exercise, the molecular formula: of carbon dioxide (p. 02) and of 
carbon monoxide (p. 120) respectively should bo deduced from the data 
already given. 

t Other methods for the determination of molecular weight will he de¬ 
scribed later. 
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where H stands for one atom of hydrogen and Cl for one 
atom of chlorine, the following facts are summarised: The 
molecule of hydrogen consists of two atoms ; the molecule of 
chlorine consists of two atoms; two ryolecules of hydrogen 
chloride are formed from one molecule of hydrogen and one 
molecule of chlorine, and the molecule of this compound con¬ 
sists of one atom of each of the elements. Further, since the 
atomic weight of hydrogen is 1, and that of chlorine is 35*2, 
the expression shows that 1 + 1 parts by weight of hydrogen 
combine with 35*2+ 35*2 parts by weight of chlorine to form 
2(1+35*2) parts by weight of hydrogen chloride; the com¬ 
position of hydrogen chloride by weight, therefore, is also 
given. Further, since equal volumes of all gases cqnlain 
equal numbers of molecules, if one molecule of a gas, 5ay 
hydrogen, occupies a certain volume, one molecule of every 
other gas occupies the same volume; hence the above 
expression also shows that one volume of hydrogen com¬ 
bines with one volume of chlorine to form two volumes 
of hydrogen chloride. Further, since one gram-molecule of 
any gas occupies 22*25 litres at N.T.I\, the above expres¬ 
sion gives the actual as well as the relative volumes of the 
gases if the atomic weights arc taken also as representing 
weights in grams. Since in every chemical change the 
sum of the weights of the original substances is equal 
to the sum of the weights of the products, the above ex¬ 
pression is called an equation. 

The equation representing the formation of water from its 
elements is written, 

211 ,+ 0 ,- 211 . 0 , 

and this equation shows that two molecules of hydrogen and 
one molecule of oxygen form two molecules of water; also 
that 2(1 + 1) parts by weight of hydrogen combine with 
15*88 x 2 parts by weight of oxygen to form 2(2 + 15*88) parts 
by weight of water; also that two volumes of hydrogpn com¬ 
bine with one volume of oxygen to form two volumes of 
water vapour (compare p. 189). The actual volumes of the 
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different gases are also given if the atomic weights are taken 
as representing weights in grams; that is to say, 2 x 22*25 
litres o£ hydrogen combine with 22*25 litres of oxygen to 
form 2 x 22*25 litres <jf water vapour. 

Valency .—-Iloforo giving further examples of equations it 
may be pointed out that atoms of different elements do not 
always or even generally combine together in the simple ratio 
of 1 :1; thus, although one atom of chlorine combines with 
one atom of hydrogen to form 1IC1, one. atom of oxygen com¬ 
bines with hm atoms of hydrogen to form H t /), one atom of 
nitrogen combines with three atoms of hydrogen to form H. { N 
(amnfonia), and one atom of carbon combines with/rw atoms 
of hydrogen to form H 4 C (methane). Again, one atom of 
silver unites with one atom of chlorine to form Agf'l (silver 
chloride), whereas one atom of calcium, zinc, or lead combines 
with Uco atoms of chlorine, forming the chloride CaCl.,, ZnCL, 
or PbCl.,, as tin? case may be; one atom of aluminium com¬ 
bines with three atoms of chlorine, and one atom of carbon 
with four. 

Now if one atom of hydrogen or one atom of chlorine is 
taken as a measure of what may he called this atom-fixing 
capacity or raleury of an element, then it is possible to class 
the elements as uni- hi- ter- or (juuttri- vale,lit, according as the 
atom of that element combines wit.li or iixes one, two, three, 
or four of the standard atoms. When this is done witli some 
of the commoner elements the following list is obtained : 

“ I 

Univalent. | Uiv.ilent. 

_ i 

Hydrogen, H Oxygen, 0 

Chlorine. Cl Sulphur, S 

Sodium, Na Mncnosium, Mg 
Potassium, K Caloiurn, Ca 
Silver, Ag Zinc, Zn 

. Lead, Pl> 

Copper, Cu 
Mercury, llg 
j Manganese, Mn 
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According to this idea, when two univalent elements 
combine together they do so atom to atom, forming com¬ 
pounds such as TIC1, AgCl, NaCl, KC1; oi/e atoiji of a 
bivalent element combines with two ^toms of a univalent 
element, forming compounds such as 11), H. 2 S, CaClg, 
A.g 2 O, lmt wifrh only one- atom of another bivalent ele¬ 
ment, forming compounds such as Cat), 3\IgO, PbS; one 
atom of a quadrivalent element combines with two atoms 
of a bivalent clement, forming compounds sucli as C0 2 ; 
and so on. 


Tin’s brief reference to the subject of valency is merely in¬ 
tended to assist the studeijfc in remembering particular for¬ 
mulae and in writing equations. The valencies of the (dements 
contained in a given compound or taking part in a chemical 
change being known, it is often possible to check such ionnulae 
and equations and to avoid mistakes. If it is kept in mind, 
for example, that chlorine is univalent and calcium bivalent, 
the formula of calcium chloride could he correctly written 
CaCl 2 , and incorrect formula 1 such as Cad, CaXl, CaCl s 
could be avoided. It must be pointed out, however, that the 
valency of an clement is not constant. Thus copper is 
bivalent in cupric oxide, CuO, univalent in cuprous oxide, 
Cu 2 () (compare pp. 177, 178); nitrogen and phosphorus may be 
either tervalent or quinquevalent (NT!.,, PCI.., N1I 4 C], PC1 5 ); 
lead is bivalent in some of'its compounds (1M><), PbCl 9 ), 
quadrivalent in others (Pldh); sulphur is bivalent (SHg), 
quadrivalent, (SO.,), or sexvalent (S0 3 ), It may also bo noted 
tlmt the. valency of an element cannot, as a rule, be deduced 
by considering the molecular formula of a compound which 
consists of more than two elements; thus the formula of 
calcium carbonate, CaCO.,, and that of potassium chlorate, 
KXJlOjp give no^ireet information .as to the valency of any 
of the elements in the compounds. 

The eqijtht ions of some of the more important reactions 
already described may now be considered. 

The combination of copper and oxygen to form’ cupric 
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oxide, of lead and oxygen to form litharge, and of mercury and 
oxygen to form mercuric oxide, are expressed by the equations, 

‘ 2Cu + O, = 2CuO, 2Pb + () 2 « 2Pb(>, 

afid 2ITg + 0 2 = 2HgO 

respectively, and .these elements are all hwalent in these 
compounds. 

The combination of litharge and oxygen to form red lead, 
and the reverse reaction, the decomposition of red lead 
‘ (P- 81), are expressed by, 

6PbO + (>, «—> 2Pb/) 4 . 

TJie decomposition of calcium carbonate into carbon dioxide 
afid calcium oxide, and the combination of calcium oxide and 
water, are written respectively, 

CaC0 3 = C0 2 + CaO and Cat) + H,0 = Ca(OH) 2 . 

The use of brackets in the last case to express the fact that 
the molecule of calcium hydroxide contains two atoms of 
hydrogen and two atoms of oxygen is an alternative way 
of writing the formula Ca0 2 II„ (compare p. 250). 

The reaction which occurs in the formation of carbon 
dioxide from calcium carbonate and hydrochloric acid (p. 62) 
is written, 

Ca00 3 + 2H01 = CaCL, + C< > a + H 2 0. 

As it is known that calcium is bivalent and chlorine univalent, 
even if the equation could not be recalled to mind, it would 
be obvious that tiro molecules of hydrogen chloride are re¬ 
quired to decompose win molecule of calcium carbonate. 

The decomposition of potassium chlorate (p. 82) is ex¬ 
pressed by, 

2KC10 3 — 2KCI + 30 2 . 

The molecule of potassium chlorate, as shown, is composed of 
one atom of potassium, one atom of chlorine, and three atoms 
of oxygen. 

The formulae of the oxides of phosphorus, magnesium, and 
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iron {which are produced on burning the elements in oxygen, 
p. 84) are P 2 0 5 , MgO, and Fe 8 0 4 respectively. 

The formation of hydrogen from hydrogen *chlori^e and 
zinc is expressed thus, , 

2HCl + Zn = ir 2 + ZnCI 3 ; 

• . 

and similar reactions occur with magnesium (Mg) and iron 
(Fes), both of which are bivalent in" this change. 

The formation of water from copper oxide and hydrogen 
(CuO + H 2 - H 3 0 + Cu), and the reversible reaction between 

water and iron (411^0 4- 3Fe -<->- Fe 3 (> 4 4- 41I 2 ), are important 

changes (pp. 105 and 100). m 

The double, decompositions studied in the cjise of hydrogen 
chloride (p. 146) are expressed as follows, • 

2HC1 + CuO = CuCh, + 1I.,0 
2HC1 + 1‘bO PbClo + 1U > 

2HC14- HgO - I rgCf 2 + H 2 (); 

hut in the formation of silver chloride from silver oxide and 
hydrogen chloride (p. 148) the equation is rather different, 
owing to the fact that silver is univalent, 

2HC1 + Ag.,0 =, 2 AgCl 4- H 3 0. 

The action of hydrochloric acid on manganese dioxide 
(p. 140) is not a double decomposition, as three products are 
formed, namely, manganese chloride, chlorine, and water, 

Mn(>, 4- 4F4C1 * MnCI 2 4- Cl 2 + 2H/). 

Many further examples of equations are given later. 

As all equations are based on quantitative experiments, and 
express in a concise form, in terms of the atomic theory, the 
results of such experiments, it is absolutely unnecessary to 
commit to memory the relative weights or volumes of substances 
which take part in any change. These data aro all given by 
the equation of the reaction, and can be calculated from it. 
Thus, suppose it is required to know the weight of copper 

oxide which would be obtained from 100 g. of copper, and 
iw**. h 
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the equation of the reaction is known (p. 208), then, since 
2Cu = 63-1x2 and 2CuO - 2(63*1 + 15*88), it follows that 
63*1 g* of capper give 78*98 g. of oxide, and consequently 

100 f ’ . 78 ’ 98xl °0 10 r«> / a*\ 

100 g. of copper give*-^-- - 125*2 g. (compare* p. 49). 

Again, what weight of water would be obtained by burning ■ 
10 g. of hydrogen? Since 2H* = 2x2 and 2IT 3 0 - 2(2 + 15*88), , 
it is known that 2 g. of hydrogen give 17*88 g. of water, and 
the required answer is 89*4 g. 

Again, what weight of oxygen would be obtained, and how 
much potassium chloride would remain, if 150 g. of potassium 
chloKite are decomposed (p. 208) ? Since KC1< ) 3 = 38*9 + 35*2 
+ (3 e x 15*88), 2KC1(> 3 - 243*5 and 30 a = 95*3. Hence the 

weight of oxygen is 

2KC1 = 2(38*9 + 35*2), and the weight of potassium chloride, 

r . 150x 74*1 x2 
therefore, is — 

243*5 

In calculating the volume of any gaseous substance from its 

weight , it is merely necessary to remember that the gram- 

molecule (the molecular weight in grams) occupies 22*25 litres 

at N.T.P. Thus, in order to lind the volume of oxvuen at 

N.T.P. obtained from 150 g. of potassium chlorate, 30., is 

now taken as 3 x 22*25 litres; the required volume, there- 

. . 150 x 66*75 

fore, is - . _ litres. 


In calculating the weight of any gas from its volume , it is 
only necessary to remember that the weight of a litre of any 
gas at N.T.P. is 0*09 g. x T); that is to say, the weight of a 

M.W. 

litre of hydrogen x the density of the gas, and 1)= ’ 

Thus the weight of a litre of chlorine, Cl 2 , at N.T.P. is 
70*4 

0*09 g. x ~ and that of a litre of hydrogen chloride, HC1, 
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The weight in grams of a litre of any gas at X.T.rf is also 
obtained by dividing the molecular weight of the gad by 


22-25. 


. CHAPTER. XXIV. 

9 • 

Sulphur and Hydrogen Sulphide. 

In certain volcanic regions, notably in Sicily, a yellow 
crystalline 4 mineral * is found in large beds or deposits, mixed 
more or less with limestone, gypsum, and other earthy 
matter. This yellow mineral is combustible, a most unusual 
property for a 4 mineral,’ and from very early times it attracted 
the attention of the alchemists, who called it hrenne-staiTe or 
brimstone. The yellow crystals of brimstone consist of an 
element now known as sulphur, which melts, and then boils, 
when it is sufficiently heated. These properties are made 
use of in 4 extracting ’ or separating sulphur from the earthy 
materials with which it occurs in nature. 

For this purpose the sulphur 4 ore * is made into heaps in 
shallow pits dug in the ground, and the sulphur is fired 
(ignited). The heat produced by slowly burning some of the 
sulphur in the material melts most of the remainder, which 
then collects at the bottom of the pit. This sulphur is 
impure, and is distilled from an iron retort. The vapour is 
condensed in brick chambers, where it collects 
as a fine yellow crystalline powder (sulphur 
snow), called flowers of sulphur, or as a 
liquid (when the cliamlier gets hot), which 
is afterwards run into cylindrical moulds 
(roll sulphur). 

Sulphur is insoluble in water, but readily 
soluble in carbon disulphide, and when the 
filtered solution is evaporated slowly the 
• element is deposited in transparent, amber-yellow rhombic 
(octahedral) crystals (fig. 68), which have a specific gravity 
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of 2'0'f and melt at 114*5°. The liquid obtained by heat¬ 
ing pure sulphur just above its melting-point is of a pale, 
amber-yellow colour and quite mobile or fluid; but when it 
is gradually heated thq colour darkens, and the yellowish-red 
liquid suddenly becomes so thick or viscous that it can hardly 
be poured. On being further heated, the liquid becomes a 
dark, brownish-red colour and more mobile, and finally begins 
to boil (at 448*4°), changing into a dark orange vapour which 
generally takes fire on coming into free contact with the air. 
When it cools, these changes in state, fluidity, and colour 
are reversed, until the pale, amber-yellow, mobile liquid is 
obtained again. This liquid, when further cooled, passes 
into a c yellow or brownish-yellow crystalline solid, which 
might certainly be mistaken for ordinary (rhombic) sulphur. 
If, however, the specific jnvjjerties of this yellow solid were 
examined it is possible that it would be found to have a 
melting-point of 120° (instead of 114*5°) and a specific gravity 
of 1*96 (instead of 2*07); that is to say, its specific properties 
would be different from those of ‘ ordinary ’ sulphur. 

Now careful observations have shown that one of two 
different solid substances may be obtained by cooling pure 
melted sulphur. When the liquid is cooled very quickly, so 
that the solid is produced below 96°, octahedral crystals of 
ordinary sulphur are obtained; but when the liquid is kept 
above 96°, crystals of a different form (monoclinic), different 
melting-point (120°), and different specific gravity (1*96) are 
produced. This second form or variety of sulphur is gene¬ 
rally prepared by melting sulphur in a deep basin and 
allowing the liquid to cool slowly until a crust has formed at 
the surface. This crust is then pierced,. and the sulphur 
winch is still liquid is poured off; on removing the crust long, 
brownish-yellow, transparent crystals of monoclinie sulphur 
are exposed. These crystals have been formed above 96°; 
they have the specific properties already given; but when 
kept at otdinary temperatures, even in a stoppered bottle, 
they gradually become opaque and break up into (aggregates 
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of) very small octahedral crystals, identical in specific pro¬ 
perties with those of ordinary sulphur. Conversely, when 
crystals of rhombic sulphur are kept above 36° (bqt below 
their melting-point) 
they gradually break 
up into aggregates 
of monoclinic crystals 
(m.p. 120°). 

When commercial 
sulphur (which con¬ 
tains traces of im¬ 
purities) is heated 
in a short-necked re¬ 
tort, and the boiling 
liquid sulphur which 
distils over is allowed 
to flow into water 
(fig. 69), so that it 
is suddenly cooled, it 
changes into a yellow¬ 
ish plastic or elastic 
substance of specific 
gravity 1*95, quite dif¬ 
ferent from ordinary sulphur in outward properties. When 
kept for some days this plastic sulphur becomes hard and 
brittle; it has changed into masses of rhombic crystals 
(ordinary sulphur). 

When plastic sulphur is treated with carbon disulphide only a 
part of it dissolves, leaving a pale-yellow insoluble powder, which 
must, of course, he different from ordinary sulphur. Hence plastic 
sulphur is a mixture , and the insoluble portion is called amotphotts 
sulphur; from the solution rhombic sulphur is obtained. Flowers 
of sulphur contain a Hiiia.ll proportion of amorphous sulphur. 
Amorphous sulphur is also present in the sulphur obtained from 
some of its compounds by precipitation. This form only changes 
into ordinary rhombic sulphur in the course of years, nuless it is 
heated. 



Fig. 6a 
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Dimorphism. —It can be proved experimentally that the 
different forms of sulphur described above consist of the same 
matter; 9 when* any one of these forms (rhombic, mono- 
clinic, or plastic) is ligated (out of contact with the air) it 
melts and gives liquid sulphur, from which ordinary rhombic 
sulphur is ultimately obtained. No change in weight, no 
gain or loss of matter, accompanies the conversion of one 
form into the other. The sulphur is not decomposed, and 
it does not combine with anything. Now the change solid 
sulphur-<—> liquid sulphur is merely a change in state, a 
physical change; the change of plastic or of monoclinic into 
rhombic sulphur, or the reverse change, may be similarly 
regarded. 

Many substances, elements as well as compounds, resemble 
sulphur in forming two or more crystalline mollifications or 
varieties, which differ more or less in all physical properties, 
as, for example, in melting-point and specific gravity, but 
which nevertheless are identical in composition. It may 
be supposed, therefore, that the difference between the 
various modifications is due to a difference in the arram/e- 
merit of the particles of the substance in the crystal (com¬ 
pare footnote, p. 75). A substance such as sulphur or 
calcium carbonate which shows this behaviour is said to 
be dimorphous or polymorphous as the case may be. The 
different crystalline forms are produced at different tem¬ 
peratures and pressures, and as a rule each is permanent or 
stable only between certain limits of temperature and pres¬ 
sure ; in that case one changes into the other when the con¬ 
ditions are so altered that it becomes unstable. Sometimes 
this change occurs very slowly, but it is generally hastened 
by rubbing, or by adding a crystal of the form which is going 
to be produced. 

On comparing the behaviour of the elemeut carbon with 
that of sulphur a close resemblance is brought to light; both 
exist in two crystalline varieties or modifications,'and also in 
a third form which has not a definite crystalline structure. 
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The principal differences between the two cases are that 
whereas the various forms of sulphur pass into one another 
at temperatures easily reached, and only one of the forms is 
permanent (stable) at ordinary temperatures, graplfite and 
diamond and charcoal are not changed except at extremely 
high temperatures. 

When au element, exists in two or more different forms 
which, like those of the element carbon, are more or less per¬ 
manent under ordinary conditions, they are sometimes called 
allotropic forma; when, however, the different forms are 
easily changed into one another and arc similar in chemi¬ 
cal properties, they are usually termed physical forms or 
modifications. 

Although the element sulphur, like the element c&rljon, 
thus occurs in forms which differ in specific properties, the 
property of changing in a fixed manner under lixed con¬ 
ditions is itself a very characteristic specific property of that 
variety of matter which is called sulphur. 

Sulphur combines directly with many other elements. 
When merely placed in chlorine it is converted into chloride 
of sulphur; when heated in the air or in oxygen it takes fire 
and burns with a pale-blue flame, forming sulphur dioxide 
(p. 229). It also combines with most of the metals, forming 
compounds which are called sulphides. Thus when mercury 
and sulphur arc well rubbed together mercury sulphide is 
formed. Whim a mixture of iron powder or filings and 
sulphur is heated gently, combination takes place rapidly 
with development of heat; the product, iron sulphide fcr 
ferrous sulphide, FeS, a black solid, is generally impure, 
even when equivalent quantities of the elements are used, 
and contains either free sulphur or free iron. When sulphur 
is heated to boiling in a tube, and a roll of copper gauze is 
plunged into its vapour, the gauze glows brightly and a black 
Bolid, cuprous sulphide, Cu a S, is formed. 

Sulphur is used in the manufacture of gunpowder, fire¬ 
works, matches, and vulcanite; also in the manufacture of 
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sulphur compounds such as carbon disulphide.* Further, it 
is .used to destroy fungi in vineyards, &c. 

• * Hydrogen Sulphide. 

Sulphur and hydrogen do not combine at ordinary tempera¬ 
tures, but when sulphur is heated at about 3^0° iu a closed 
tube filled with hydrogen the elements unite very slowly to 
form a disagreeably smelling gas, hydrogen sulphide. This 
gas occurs dissolved in some natural waters, such as those of 
Harrogate and elsewhere; it is also formed when animal 
matter, such as albumen, undergoes putrefaction, the smell 
of rotten eggs being partly due to the gas. 

Hydrogen sulphide, mixed with hydrogen and other im¬ 
purities, may be prepared from ferrous sulphide (p. 215) and 
diluted hydrochloric acid (or sulphuric acid). Small lumps of 
ferrous sulphide, covered with water and placed in a bottle 
or flask provided with thistle funnel ami delivery-tube, as in 
fig. 21 (p. 66), are treated with a little concentrated hydro¬ 
chloric acid.f Effervescence sets in, and the characteristic 
smell of hydrogen sulphide is soon recognised, 

FoS + 2HC1 - FeCljj + SII 2 . 

The gas is rather readily soluble in cold, but may be collected 
over hot, water; it is slightly heavier than air (I) =17), and 
may also be collected by displacing air upwards. It may be 
dried by passing it through tubes containing phosphorus 
pentoxide as it is decomposed by calcium chloride and by 
strong sulphuric acid. 

Hydrogen sulphide is colourless; it burns in the air with a 
pale-blue flame, and a burning taper plunged into the gas is 
immediately extinguished. The inside of a glass cylinder in 
which the gas is burnt becomes covered with a pale-yellow 
film, which can he proved to be sulphur. A burning jet of 

* Carbon disulphide, OS 2 , is manufactured by passing sulphur vapour 
over strongly heated carbon. It is a colourless liquid (b.p. 46°), and is 
highly inflammable, 
t Compare footnote +, p. 62. 



SULPHUR AND HYDROGEN SULPHIDE. Sit 

✓ 

the gas does not give a deposit of sulphur when a dry Jar is 
held above the flame, but moisture condenses on the jar, and 
the strong smell of sulphur dioxide (p. 229) is» recognised ; 
hence hydrogen sulphide is a com pound ^containing hydrogen 
and' sulphur. When a cold object is moved slowly through a 
burning jet of the gas a lilm of sulphur i$ deposited on it. 
This l>ehaviour is like that of some compounds of hydrogen 
and carbon (p. 133). At the temperature of its flame the 
hydrogen sulphide is decomposed, and in a plentiful supply 
of oxygen both the elements contained in it are finally con¬ 
verted into oxides, but when the air-supply is limited or the 
flame is cooled, the liberated sulphur is obtained in the rfree 
state. The flame is noil-luminous because the sulphur i% in 
the state of vapour (p. 133). * 

That hydrogen sulphide is very easily decomposed is proved 
by passing it through a glass tube which is heated gentlj 
with a Bunsen-flame; a deposit of sulphur is then obtained 
beyond the heated portion of the tube, and the escaping 
hydrogen may be ignited. 

A convenient form of apparatus in which a confined 
volume of a gas may he heated, is the eudiometer shown in 
lig. 60 (p. 162). With suitable electrical apparatus sparks may 
he passed between the ends of the two wires, and the gas is 
thus strongly heated just at this particular spot. Owing to 
ditFusion and circulation, if the ‘sparking’ is continued long” 
enough, the whole of the gas pusses through this lieuted 
region, but owing to radiation and conduction the bulk of it 
remains practically at atmospheric temperature. 

Now, when a given volume, say 20 c.c., of dry hydrogen 
sulphide is ‘sparked’ in this way for several horn’s, the gas 
is decomposed and a thin, pale-yellow deposit of sulphur is 
formed near the source of heat. The volume of the solid is 
so small in comparison with that of the hydrogen sulphide 
originally taken that it may he neglected, and yet the volume 
of the gas (hydrogen) in the tube is the same as that of the 
original compound, if measured under the same conditions. 
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This is another illustration of Gay-Lutflac’s law (compare p. 
191). Since from any volume of hydrogen sulphide an equal 
volume of*hydrogen is formed, and since equal volumes ; 
contain equal numbers of molecules, there must bo two atoms 1 
of hydrogen in every molecule of hydrogen sulphide, because 
every molecule gf hydrogen contains two jitoms. Now the 
density of hydrogen sulphide is 17, and therefore its molecular 
weight is 34; as it is known that the atomic weight of sulphur 
is 32, the molecular formula of hydrogen sulphide is thus 
found to he SH.„ 

SJI, = 1I 2 + S 

• 1 vol. “ 1 vol. 

ft follows from Avogadro’s hypothesis that if a gaseous 
element is liberated by decomposing any compound gas, or if, 
by combination, a gaseous element is converted into a gaseous 
compound, and the volume remains unchanged ,, the molecule 
of the element and that of the compound contain the same 
number of atoms of the gaseous element. Whether the 
whole of the hydrogen sulphide, or only a portion of it, is 
decomposed in the above experiment, the volume of the 
gaseous mixture remains constant, because every molecule of 
hydrogen sulphide gives one molecule of hydrogen. 

The solubility of hydrogen sulphide in water at 15° is 323 
(at 0°, 437), but the gas is completely expelled when its 
solution is boiled. The solution has the odour of the gas, 
and turns blue litmus red; it acts on certain metals, with 
liberation of hydrogen and formation of a sulphide. 

The aqueous solution gradually becomes turbid, and gives 
a deposit of sulphur when it is kept, especially when exposed 
to air and sunlight; this decomposition is caused by atmos¬ 
pheric oxygen dissolved in the water, 

2SH s + 0 2 = 2S + 2H 2 0. 

Hydrogen sulphide is a very important ^reagent/ and is 
used in obtaining many sulphides. 

A comparison of hydrogen sulphide with hydrogen chloride 
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brings out certain similarities in properties. Thus, although 
hydrogen chloride is more active or vigorous than hydroger! 
sulphide, the aqueous solution of the latter has •* acid ’ m pro¬ 
perties, not unlike those of dilute hydrochloric acid. Hence 
hydrogen sulphide may also be called an acid. Now the 
hydrogen of hydrogen sulphide may be displaced by metals, 
by various methods described below. The compounds so 
formed, therefore, may be called ‘salts,’ just as are the sub¬ 
stances produced from hydrogen chloride in a similar manner. 
Theso ‘salts’ of hydrogen sulphide are called sidjthides, and 
although most of them may be obtained (in an impure 
form) by merely heating a metal with sulphur (just* as 
chlorides may l>e obtained by beating a metal with chloride), 
they may nevertheless be regarded as derivatives of hydrogerf 
sulphide. 

Metallic Sulphides. 

When silver is left exposed to the air of a town, it gradually 
becomes coated with a brown or black substance ; this is diver 
sulphide, and its formation is due to the presence of traces of 
hydrogen sulphide in the atmosphere. 

Silver sulphide may he prepared in various ways, as, for 
example, by heating silver with sulphur or in a stream of 
hydrogen sulphide ; it is also obtained as a black precipitate 
when a stream of hydrogen sulphide is passed through a solu¬ 
tion of silver nitrate. Its composition may be determined 
by taking a known weight of the metal, converting it into 
sulphide by one of these methods, and weighing the product; 
its percentage composition is thus found to be, silver 87*1, 
sulphur 12*9. The atomic weights of silver and of sulphur 
being known, the empirical formula is found to be Ag 2 S, 

87*1 [percentage of silver] 

-1071 =0*813 and 0 813-0*406 = 2 

12*9 [percentage of sulphur] 

* -T- 31*8 = 0*406 and 0*406 —0*406 = 1. 

Many other metallic sulphides may be prepared by the 
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three methods mentioned above; but the last onq—namely, 
lly pissing hydrogen sulphide through a solution of a * salt r 
of th$s metal—is generally used where possible, because the 
precipitated sulphide does not contain any free metal. When 
the solid metal itself is employed in preparing the sulphide, 
some of it may remain unchanged; for tins reason a pure 
precipitated sulphide (antimony sulphide) is used instead of 
crude ferrous sulphide in preparing pure hydrogen sulphide. 

Lead sulphide, PhS, is obtained as a black precipitate 
when hydrogen sulphide is passed through a solution of lead 
chloride, 

* PbCl 2 + SH 2 = PbS + 2HC1; 

it if insoluble in water and in hydrochloric acid. Mercuric 
Sulphide, HgS, and cupric sulphide y CuS,* are obtained as 
black precipitates on passing the gas through solutions of 
mercuric chloride, HgCJ», and cupric chloride, CuCl 2 , respec¬ 
tively ; they are both insoluble in water and in hydrochloric 
acid. 

When, on the other hand, hydrogen sulphide is passed 
through a solution of ferrous chloride, FeCl 2 , no precipitate is 
formed, although ferrous sulphide is insoluble in water (com¬ 
pare p. 149). The reason of this is that ferrous sulphide is 
chemically soluble in dilute hydrochloric acid (p. 216); and as 
hydrogen chloride must be formed if ferrous chloride and 
hydrogen sulphide undergo double decomposition, it is im¬ 
possible for ferrous sulphide to exist under the given con¬ 
ditions. For similar reasons sulphide of zinc cannot be 
obtained by such a method. 

Many metallic sulphides occur in nature, sometimes in 
well-formed, pure crystals, but generally mixed with other 
sulphides and more or less earthy matter. Such 1 minerals* 
have been known from early times, and have received distinct 
names; the metals are often extracted from them, and they 
are then called * ores.’ 

Galena is an important ore of lead; it is found in black, 
* This compound is not identical with cuprous sulphide, CugS (p. 210). 
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lustrous crystals, and consists of lead sulphide, PbS, generally, 
mixed with a very small proportion of silver sulphide. 

Oinnabar is the principal ore of mercury, and*consis»ts of 
mercuric sulphide, HgS; it is dull red* in colour, and is 
volatile, and can be sublimed (p. 19) out of contact with the 
air. When the sublimate is crushed it gives a fine scarlet 
powder, which is called vermilion, and is used as a paint, in 
colouring sealing-wax, &c. Although vermilion is so different 
in appearance from mercuric sulphide prepared by precipita¬ 
tion (p. 220), the scarlet and black substances are identical in 
composition. 

Iron pyrites, FeSg, occurs in golden-yellow crystals, and*is 
often seen in lumps of coal; when left exposed to the atnnfs- 
phere it is oxidised to ferrous sulphate (green vitriol, p. 226) 
and sulphuric acid. It is only very slowly acted on by 
hydrochloric acid, and in this respect particularly it differs 
from ferrous sulphide, FeS (p. 215). It is not an iron ‘ore,’ 
but is used in the manufacture of sulphuric acid (p. 287). 

Zinc blende is a shining, yellow, brown, or black mineral 
which consists principally of zinc sulphide, ZnS, and is one 
of the important ores of zinc. Its brown or black appearance 
is due to the presence of sulphides of iron and other metals. 

The behaviour of metallic sulphides when they are heated 
in the air (roasted) is referred to later (p. 229). 


CHAPTER XXV. 

Hydrogen Sulphate, Sulphuric Acid, 
or Oil of Vitriol, and its Salts. 

The substance known as. sulphuric acid, which was first 
obtained by strongly heating green vitriol (p. 39), is now 
manufactured in very large quantities by two other processes 
(pp. 232, 287), and is a most important compound. 

The commercial acid, still called 1 oil of vitriol,’ is a rather 
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thick, oily liquid of sp. gr. uhout 1*8. When left exposed to 
the air it absorbs aqueous vapour from the atmosphero, as it 
is very hygroscopic (p. 38); hence its use in drying various 
gases. When heated in an open vessel on a water-bath it 
does not volatilise; but at higher temperatures it distils, pass-' 
ing over between, say, 280° and 330°. As the commercial' 
acid has not a constant boiling-point, it may be inferred that 
it is a mixture or that it decomposes. If a ‘fraction’ of the 
acid which distils at about 330° is collected separately and 
cooled sufficiently it deposits crystals; and if these are melted 
and frozen again several times, the mother-liquor being sepa¬ 
rated after each operation, pure sulphuric acid or hydrogen 
r sulphate is obtained as a colourless solid, melting at 10° to 
a liquid of sp. gr. 1*84 at 15". The pure acid fumes when it 
is heated, and begins to boil at about 290°, the boiling-point 
gradually rising to 330°; this behaviour shows that hydrogen 
sulphate is decomposed when it is heated. 

Ordinary liquid sulphuric acid is a solution of the com¬ 
pound hydrogen sulphate in a little water, but the commercial 
acid also contains small quantities of lead sulphate and other 
impurities. Sulphuric acid, unless very much diluted with 
water, causes severe burns when placed on the skin, and it 
attacks and decomposes most animal and vegetable compounds, 
turning them black and liberating carbon ; for example, when 
concentrated sulphuric acid is poured into a warm, saturated 
solution of cane-sugar, rapid charring occurs, the sugar being 
completely decomposed, principally into carbon and water. 

Sulphuric acid is miscible with water, the operation being 
accompanied by a great development of heat.* The volume 
of the 1 dilute ’ acid is less than the combined volumes of its 
components; that is to say, a contraction has taken place. 
These facts seem to show that sulphuric acid combines with 
water and does not merely dissolve. 

Dilute sulphuric acid has a sour taste, and changes the 

* For this reason, in diluting the acid, the acid ia always added slowly to 
the water, and not vice versd , as this might cause boiling and spirting. 
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colour of blue litmus to red. Pure sulphuric acid, and even 
the commercial acid, which may contain as much as 20 
per cent, of water, has .very little action on coniVnon metals 
such as zinc, iron, copper, mercury, and* silver at ordinary 
temperatures ; but when heated with such metals a rapid 
action sets in, anfl a gas, sulphur dioxide, is'cvolvcd (p. 229). 
When, however, the acid is mixed or diluted with several 
times its own volume of wator, it acts on zinc, iron, and mag¬ 
nesium (but not on copper, mercury, or silver) at ordinary 
temperatures, giving hydroyen and a sulphate (see below) of 
the mctaL. It seems very extraordinary that mixing the acid 
with water should enable it to attack some metals at ordinary 
temperatures, but it cun be proved that the liberated hydrogen 
really comes from the acid and not from the water (compare 
p. 225). The action of concentrated sulphuric acid on metals 
is described later (p. 230). 

Sulphates. 

When zinc, iron, or magnesium is placed in a given quan¬ 
tity of dilute sulphuric acid, the inch'd is rapidly attacked ut 
first and hydrogen is evolved ; hut if more of the metal is 
added from time to time, the action gradually slackens and at 
Inst ceases altogether. As the metal now remains in the 
liquid without being attacked, it may he concluded that the 
solution no longer contains sulphuric acid. On filtering and 
concentrating such a solution, crystals are obtained. When 
the oxide of a metal is placed in a given quantity of dilute 
sulphuric acid it dissolves chemically, but no evolution of 
hydrogen occurs. On more oxide being added from time to 
time the action finally ceases, because all the sulphuric acid 
lias been changed. On filtering and concentrating such a 
solution, crystals are obtained. 

The crystals thus formed from a given metal ami sulphuric 
acid are identical with those formed from the oxide of the 
metal, provided that in the case of a metal which forms more 
than one oxide one particular oxide is taken* 
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Now, since the metal liberates hydrogen as gas, but the 
oxide does not, if the corresponding results obtained with, 
hydrochloric acid (p. 146) are considered it may be presumed? 
(a) that sulphuric acid contains combined hydrogen, which\ 
may bo displaced by a metal, and (b) that when sulphuric - 
acid acts on an oJtide the combined hydrogel! of the acid and 
the combined oxygen of the metallic oxide unite to form 
water—in fact, that double decomposition occurs (p. 147). 

The compounds thus formed by displacing the combined 
hydrogen of the acid, hydrogen sulphate, by metals belong to 
the class of compounds called 4 salts,' and are grouped together 
as fne mlpliales. 

Silver sulphate. —■'When silver oxide is dissolved chemically 
in hot, dilute sulphuric acid and the concentrated solution 
is cooled, colourless crystals of silver sulphate are obtained. 
The same compound is formed when silver sulphide (p. 219) 
is gently heated in a stream of pure oxygen; hence silver 
sulphate is a compound of silver, sulphur, and oxygen. 

The composition of silver sulphide being known, that 
of silver sulphate may be determined by converting a known 
weight of the sulphide into sulphate. For example, 10 g. of 
silver sulphide (known to contain 8 71 g. of silver and 1*29 g. 
of sulphur, p. 219) give 12‘58 g. of silver sulphate; hence 
12*58 g. of silver sulphate are composed of 8*71 g. of silver, 
1*29 g. of sulphur, and 2*58 g. of oxygen. These values being 
divided by the atomic weights of the respective elements, the 
empirical formula of silver sulphate is found to he Ag 2 S0 4 , 

8*71 [proportion of silver] -*-107*1 - 0*0813 
1*29 [proportion of sulphur] -s- 31*8 = 0*0406 
2*58 [proportion of oxygen] -*• 15*9 = 0*1624 
and 0*0813 : 0*0406 : 0*1624 as 2 :1 ; 4. 

Now, since silver sulphate is formed, together with water, 
from silver oxide and sulphuric acid (by double decomposi¬ 
tion), and since it is known that one atom of univalent silver 
displaces oiie atom of hydrogen (silver chloride has the formula 
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AgCl), the empirical formula of sulphuric acid (hydrogen sul¬ 
phate) is thus found to be H 2 K0 4 , • 

II 2 80 4 + Ag 2 <) = Ag 2 S0 4 4- H 2 0. • • 

It can be proved by further experiment (but not by vapour- 
density determinations, because sulphuric acid decomposes 
when it is strdhgly heated, p. 222) that* this is also the 
molecular formula of sulphuric acid. • 

This is an example of indirect analysis. Hydrogen sulphate 
itself is not easily handled, as it is so hygroscopic. It cannot 
he accurately analysed hy .any simple, direct method ; there¬ 
fore its percentage composition and empirical formula are 
determined by analysing one of its deriratims, the relation of 
which +0 hydrogen sulphate itself is known. The actioif qf 
dilute sulphuric acid on cellttin metals and their oxides is 
therefore expressed by equations such as the following, 

Zn + H o S0 4 = ZnR0 4 + H,; Mg + II 0 S0 4 = MgS0 4 + H 2 
ZnO + H 2 S(> 4 = ZnN<_> 4 + H..O ; MgO + H a SO. = MgS0 4 + H 2 0 
Ag 2 () + TT 2 S0 4 = Ag 2 S0 4 + HoO ; 

and it will he seen that one atom of the bivalent metals, zinc 
and magnesium, displaces two atoms of hydrogen, whereas the 
univalent silver atom only-displaces one. 

Copper sulphate has already been mentioned several times 
(pp. 36, 46) ; it is a very important sulphate, and is used in 
large quantities in agriculture for killing moulds which grow 
on the vine and other plants. Although copper is not acted on 
hy hot dilute sulphuric acid, it gradually dissolves chemically 
if air (oxygen) is blown through the liquid, and this fact is 
made use of in preparing blue vitriol on the large scale. 

The blue crystals (blue vitriol) obtained by evaporating 
the solution contain 36'07 per cent, of water of crystallisa¬ 
tion and 63 93 per cent. <?f cupric sulphate (p. 37); dividing 
these percentages- hy tin* molecular weights of “water and 
cupric sulphate respectively, the results show that the crystals 
contain five molecules of water to every molecule of copper 
sulphate, 

Iiiorg. • Q 

i * 

t 
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° 36*07 [percentage of H 2 0] + 18 ** 2*004 

c ' 63*93 [percentage of CuS0 4 ] 4-159*5 *= 0*4008 

b <■ and 2*004: 0*4008 as 5:1. ; 

The composition of the blue crystals, therefore, is expressed! 
by the formula CuS0 4 , 5T1 2 0. \ 

In the case of,every substance which contains water of 
hydration, not only is the proportion of the latter constant 
when the crystals have been formed under fixed conditions, 
but it is also such that the relative numbers of the molecules 
of the two compounds (water and anhydrous substance) may 
be expressed by some fairly simple ratio. Thus the com¬ 
position of hydrated crystals of calcium chloride is CaClg, 
6H^O, and the highly hygroscopic character of anhydrous 
chlcium chloride may be ascribed to its power of thus fixing ( 
water. 

Ferrous sulphate, KeS0 4 , 71I 2 0 (green vitriol, p. 221), is 
prepared by dissolving scrap-iron in dilute sulphuric acid and 
then concentrating the solution until the salt crystallises out. 
The crystals are efflorescent (p. 38), and are used in dyeing, 
and in making black inks. 

Zinc sulphate, ZnS0 4 , 7H 2 0 (white vitriol), is colourless 
and readily soluble in water. 

Magnesium sulphate, MgS0 4 , 7H 2 0, is contained in many 
spring- and river-waters (p. 281), and is known ns Epsom salt 
from its occurrence in large quantities in a mineral spring at 
Epsom. It forms large, colourless crystals, and is very readily 
soluble in water. 

Sodium sulphate, Na 2 S0 4 ,10H 2 O, known also as * Glauber’s 
salt,' is also very readily soluble, and occurs in spring- and 
river-waters. 

Calcium sulphate, Cafi0 4 , occurs as a rock or mineral 
called anhydrite, which consists principally of anhydrous 
calcium sulphate, and also as the mineral gypsum or selenite, 
which consists of hydrated calcium sulphate, CnS0 4 + 2H 3 0, 
and sometimes occurs in well-formed, colourless, transparent 
crystals. Gypsum is very abundant. When it is heated at 
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about 125° some of the water of hydration is expelled, and 
the white residue, when powdered, is known as Plaster *of 
Paris. This powder takes up water of hy ft rati on again 
when it is mixed with water, and in doing so seta to a 
moderately hard mass. Plaster of Paris, therefore, is used in 
making casts of dilferent objects; also as* a cement for orna¬ 
mental work. 

Calcium sulphate is only sparingly soluble (1 in 500 at 
18°) in water, hut it is contained in many spring- and river- 
waters (in which it causes 4 permanent hardness,’ p. 281). 

Barium sulphate, BaS0 4 , which occurs as a white 
crystalline mineral called heavy-spar, is insoluble in troter 
and also in hydrochloric or nitric acid; those facts are made 
vise of in distinguishing barium sulphate from other white 
earthy materials, such as chalk, calcium sulphate, <fcc. When 
aqueous solutions of barium chloride and sulphuric acid are 
mixed, barium sulphate is precipitated, 

BaCl 2 + H 2 $0 4 = BaS0 4 + 2HC1, 

and although the .solution then contains hydrochloric acid, 
this acid docs not affect ihe precipitate. Barium sulphate is 
also precipitated when a. solution of any sulphate is added to 
a solution of barium chloride, 

BaCl, + Na a S0 4 = J JaS0 4 + 2NaCL 

As barium sulphate is insoluble, a precipitate is formed 
even when a very dilute solution of sulphuric acid or a 
sulphate is treated with a solution of barium chloride; 
hence it is possible to test for sulphuric acid or a sulphate 
by adding barium chloride (and then hydrochloric acid), and 
in this way the presence of sulphates is shown in nearly 
all natural waters except rain-water* Further, since barium 
sulphate is insoluble in’ wator and in hydrochloric acid, it 
follows that when excess of barium chloride is added to a 

solution of a sulphate, the irhofe of the latter undergoes 
% * 

* If necessary tlie extremely dilute solution (natural water) may be first 
concentrated by evaporation. 
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double decomposition (p. 149) and is precipitated in the form 
of barium sulphate; hence the weight of sulphuric acid 
(hydrogen sulphate) or of any sulphate contained in a given, 
solution may be estimated by first adding dilute hydrochloric 
acid (to prevent any other salt from being precipitated) and 
then excess of barium chloride, filtering, washing, and weighing 
the dried precipitate. 

As it is known that the formation of barium sulphate* 
from sulphuric acid and barium chloride is expressed by the 
equation just given, and that the molecular weights of sulphuric 
acid and barium sulphate are 98 (1 + 1 + 32 + 64) and 232'4 
(136*4 + 32 + 64) respectively, it is obvious that 232*4 g. of 
precipitate are obtained for every 98 g. of sulphuric acid present. 
Similarly 232 - 4 g. of barium sulphate are obtained for every 
142 g. of sodium sulphate,! and so on. 

Radicles .—Hydrogen sulphate and all the metallic sulphates 
described above contain one atom of sulphur and four atoms 
of oxygen, and as one sulphate can often bo changed into 
another by double decomposition, it would seem that the 
atom of sulphur and four atoms of oxygen hang together, as 
it were, forming the foundation (or root) of a number of 
compounds. The term radicle is applied to any collection or 
group of atoms which thus occurs in a number of different 
compounds, and which may he transferred from one to 
another. When such a group, combined with hydrogen, 
forms an acid, it is called an arid radicle, and, as the radicle 
S0 4 is always combined with two atoms of hydrogen, or the 
equivalent of two atoms of hydrogen (Ag 2 , Ca, Zn, Fe, &c.), 
it is a bivalent radicle. 


*The composition of barium chloride (p. 148) may be determined by 
treating a weighed quantity with excess of silver nitrate and weighing the 
silver chloride so formed (p. 149). The percentage of barium in the sulphate 
may then be determined by treating a weighed quantity of barium ohloride 
with excess of sulphurio acid and weighing the barium sulphate. Both 
reactions are carried out in aqueous solution. 

t Tin! percentage of sodium sulphate would be expressed in terms of the 
gwhydroua salt 7iot lOH^O (p. 226). 
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CHAPTER XXVI. 

Sulphur Dioxide and Sulphur Trioxide. 

Sulphur bums in the air (or in pure oxygen) with a blue 
flame, combining with the oxygen to form an invisible gas, 
sulphur dioxide, which is easily recognised by its character¬ 
istic, suffocating smell. This gas is also formed, together 
with water, when hydrogen sulphide bums in a free supply 
of air; also when many metallic sulphides are heated in the 
air, or roasted , the metal being changed into an oxide,* • 

S + 0 2 - 80 2 ; 2SH 2 + 30., - 2S0 2 + 2H 2 0; 

2Znfi + 30 2 2Zn(l + 2S0 2 . 

The gas obtained by any of these methods is, of course, 
mixed with nitrogen, and generally with oxygen as well. 
The pure gas is prepared by heating copper, mercury, zinc, or 
sulphur with concentrated sulphuric acid in an apparatus" 
such as that shown in fig. 54 (p. 140); it is collected over 
mercury, as it is readily soluble in water, or by displacing air 
upwards. Sulphur dioxide is not inflammable, and ordinary 
burning substances are extinguished by it. It is very easily 
liquefied by pressure, and in this state is sold in glass bottles 
(fig. 70). When the tap of suclf a bottle is opened the gas 
escapes, and as the pressure is reduced the liquid changes into 
the gas. 

Sulphur dioxide, like carbon dioxido, is completely absorbed 
by soda-lime. When a weighed quantity of pure sulphur is 
completely burnt in a stream of oxygen, and the product (or 
products) is absorbed in a weighed soda-lime tube, it is found . 
that 1 g. of sulphur gives rather more than 2 g. of product, , 
but the results are not quite constant. , 

* Most sulphides behave in this way, hut some combine directly with ' 
oxygen and portly or entirely changed into sulphates, C*S+20 s =CsSO* * ‘ 
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The atomic weights of sulphur and of oxygen being known, 
it* may be calculated that an oxide of the formula SO would 
contain 66 0 per cent, of sulphur ami 33-3 per cent, of 
oxygen, an oxide of r the formula S0 2 , 50 per cent, of each 
element. It seems clear, therefore, that under the above 
conditions (since 1 g. of sulphur gives rather more than 2 g. 1 
of sulphur dioxide) the principal product is an oxide, SOg. 
Now the density of pure sulphur dioxide (obtained from 
copper and sulphuric acid) is 32, so that the molecular weight 
is 64, corresponding with the molecular formula S0 2 . How 
is it, then, that 1 g. of sulphur does not always give exactly 
2 g. tof sulphur dioxide ? Careful investigations have shown 
that small and variable quantities of another oxide of sulphur 
(&0 3 ) are produced under the above conditions. When'the 
formation of this second product is allowed for, it is found 
that 2 g. of sulphur dioxide are in fact produced from—or 
contain—1 g. of sulphur. 

"When copper is heated with strong sulphuric acid the 
metal disappears, hut instead of hydrogen (as might be 
expected) only sulphur dioxide, S0 2 , is evolved. If the 
dark liquid which remains after this action is poured 
into a little water, filtered, and evaporated, blue hydrated 
crystals of copper sulphate arc obtained. How is it that 
some metals dissolve chemically in dilute sulphuric acid, 
liberating hydrogen and giving a metallic sulphate, whereas 
the samo metals and others when heated with strong sul¬ 
phuric acid give sulphur dioxide and a sulphate? What 
becomes of the combined hydrogen of the acid in the latter 
case? 

It may be supposed that at high temperatures two distinct 
changes take place : (a) the acid is decomposed by the copper 
with formation of copper oxide, water, and sulphur dioxide; 
(b) the copper oxide and more sulphuric acid give copper 
sulphate and water, 

(a) Cu + HjjS 0 4 = CuO + H 2 0 + SO„ 

(b) CuO + £*80* = CuS0 4 + HjO. 
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These being combined in one equation, the final result is* 

Cu + 2H 2 S0 4 = CuS0 4 + 2H a O + S0 2 . 

Similar changes occur in the case of mercury* zinc, Silver, 
and some other metals. That the sulphuric acid is probably 
decomposed in this way is shown by the fact that the 
elements sulphur and carbon, which do 7iof*displace hydrogen 
from any acid, and which are not acted on by acids as a class, 
may be used instead of a metal in preparing sulphur dioxide,' 

(a) S + 2H 2 S0 4 = 2SO., + 2H.,0 + S0 2 (or 3S0 2 + 2H 2 0) 

(a) C + 2H 2 S|p 4 — 2S0 2 4- 2H 2 0 4- C() 3 . 

The change (b) does not occur in these cases. 

There are many chemical operations in which a given product is 
obtained owing to the occurrence of two or more distinct changes 
or reactions, which may he supposed to follow one another in a 
fixed order; the changes are then termed primary, secondary, &c. 
Thus the formation of sulphur dioxide, water, and copper oxide 
may be regarded as the primary change or reaction in preparing 
sulphur dioxide, and the formation of copper sulphate as a secondary 
change. 


Sulphur Trioxide. 

When sulphur' dioxide is mixed with oxygen in variable 
proportions no sign of chemical change is observed, the mix¬ 
ture does not take fire when *a light is applied to it* and if 
passed through a red-hot tube the mixture still smells strongly 
of sulphur dioxide, all of which facts show that the two gases 
do not combine together very readily or rapidly. Careful 
observations, however, prove that a small quantity of a new 
substance is formed when the gases are heated together. 

A very different result is obtained when a mixture of the 
gases, carefully dried with sulphuric acid, is led through a 
glass tube (fig. 70) containing some asbestos (at d), which has 
been covered with very small particles of platinum, and which 
is heated with a Bunson-flame ; a beautiful, colourless, crystal¬ 
line solid collects in the receiver (e), and if the volume of 
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oxygen in the mixture is about half that of the sulphur 
dioxide, very little yas escapes from the bottle (/);* that is 
to say t mosttof the gaseous mixture is changed into a solid; 
substance. The compound foil nod in this way is sulphur , 
trioxide. When it is dropped into water a hissing sound 
(caused by the sudden formation of steam) *is heard, and it 



gives a colourless solution with great heat development. If 
the addition of sulphur trioxide is continued, a thick, oily 
liquid identical with sulphuric acid is formed. 

These are the principles of one method—the umlact process 
—for the manufacture of sulphuric acid. A mixture of sulphur 
dioxide and air, carefully purified, is passed over heated 
platinised asbestos,! and the product is dissolved in water. 

The formation of sulphur trioxide from sulphur dioxide 
and oxygen proves that the trioxide contains a larger propor- 
• tion of oxygen than the dioxide. As the trioxide combines 
with water to form sulphuric acid, and no gas is evolved in 
the process, sulphur trioxide must have the formula, SO a 
r2S0 2 + 0 2 = 2S() 3 ], 

S0 s +ir 2 0 = H,R0, 


*Thc siphon or hottle (a) contains liquid sulphur dioxide under pressure; 
the tube (6) is connected with a cylinder of oxygen. Both gases are dried 
by bubbling them through sulphuric acid contained in (c), where they are 
also mixed. The bottle (/) contains sulphuric acid to prevent the entrance 
of moisture. ,^ r 

t Asliestmmrtljr covered with vary finely divided pUtmuiu. 

AM t, r ' (■-' :»' - 1 
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An oxide, such as sulphur trioxide, which combines *with 
water to form an acid is called an anhydride. Sulphur 
trioxide is sulphuric anhydride. Anhydrides may oft^en be 
obtained from the corresponding Acid. § 

Catalysis.—A chemical change which takes place so slowly 
under certain conditions of temperature and pressure as to 
be inappreciable, may take place wjtli immeasurably greater 
rapidity in presence of some element or compound which 
itself seems to take no part in the given change. Thus, in the 
case of sulphur dioxide and oxygen, when platinum is absent 
the gases combine very slowly indeed; but when platinum is 
present in a suitable form, all other conditions remaining the ' 
same, combination occurs rapidly; a small quantity of platiyum 
suffices for the production of a practically unlimited quantify 
of sulphur trioxide, and yet the metal is unchanged at the 
end of the process. 

Again, the decomposition of potassium chlorate is very 
much hastened in presence of a relatively small proportion 
of manganese dioxide, which seems to take no part in the 
reaction, and which is itself unchanged at the end of the 
process (p. 83). 

Substances like those which accelerate chemical change are 
called catalysts, and their action catalysis* A substance which 
serves as a catalyst in a particular reaction may have no effect 
whatever in other reactions. Water is one of the most im¬ 
portant catalysts; many reactions which occur readily in 
presence of traces of water do not take place in its absence to 
any appreciable extent. Oxygen ami hydrogen, for example, 
do not combine, when sparks are passed through an absolutely 
dry mixture of the gases. 


Sui.pnuRous Acid. 

Sulphur dioxide is very soluble in water (its solubility at 16° 
is 4200). When a stream of the gas is led into cold water 
a slight development of heat occurs, hut no other sign of 


jr 


ere are some catalyst* which retard chemical change.' 
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chemical change is observed ; the solution has the same smell 
afi the gas, and the gas is completely expelled on boiling. So 
far, therefore,; the process of solution seems to be a physical 
change. , 

The solution lias a sour taste, turns blue litmus red, and 
acts on a few metals—magnesium, for example—with libera¬ 
tion of hydrogen ; that is to say, a solution of sulphur dioxide 
in water is in these respects like a dilute solution of hydrogen 
sulphate or hydrogen chloride. When sulphur dioxide is 
passed (in excess) into a solution of lime-water, find the solu¬ 
tion is then evaporated on the water-bath, a colourless, crys¬ 
talline, otlonrlaw compound is deposited. If this solid is 
„8epsvated, washed with a little water, and then placed in 
dilute hydrochloric acid, a vigorous cllerveseence is observed, 
and sulphur dioxide is evolved; lienee this solid contains 
combined sulphur and oxygen. When some sulphuric acid is 
poured on to this solid sulwtance, sulphur dioxide is evolved; 
on heating strongly to expel the ejreens of sulphuric acid, there 
remains a residue which can be identified as pure calcium 
sulphate. Hence the solid is a compound of calcium as well 
as of sulphur and oxygen. 

Quantitative experiments show that 119T units of the solid 
give 136 units of calcium sulphate. These qualitative and 
quantitative results correspond with the equation, 


CaSC> 3 + If,S0 4 - 
39*7 + 31 *8+ 47 *6 39 7 


CaS<> 4 + H 2 0 + S0 2 
+ 3]-8+ 03*5 


The solid compound which is thus shown to be CaS0 8 is 
called calcium sulphite. 

, Now calcium sulphate may be regarded as a compound of 
the two oxides CaO and SO.,, and calcium sulphite may be 
similarly regarded as a compound of CaC) and SO a ; but cal¬ 
cium sulphate is derived from Bulphurio acid, H 2 S0 4 , by dis¬ 
placing the hydrogen of the acid by the metal calcium, w 

CM>+H£0 4 -aS0«+H£>) * . 
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and if calcium sulphite is regarded as having been formed in'' 
a similar manner from an acid, H 2 S0 3 , * 

Cat) + H 2 SO s - CaS0 3 + H 2 0, • 

then the production of this ‘ salt ’ and many other properties 
of the solution of sulphur dioxide are accounted for. 

Therefore, although a compound of the formula H 2 S0 3 has 
never been isolated, it seems probable that this substance is 
really formed when sulphur dioxide and water are brought. 
together, just as hydrogen sulphate is formed from sulphuric 
anhydride and water (p. 232), v 

S() 2 + HjjO = H 2 S0 8 

so“+ii“o-ii“so 4 . 

When tills view is adopted it is easy to understand why tile 
two solutions are similar in so many of their properties: they 
contain substances of the same nature or same type. 

Sulphur dioxide, therefore, is regarded as the anhydride of 
the acid H 2 SO ;i (p. 233), and is also called sulphurous anhy¬ 
dride, the acid, H 2 S( ) 3 , being known as sulphurous acid. 

Calcium sulphite and other compounds formed from sul¬ 
phurous acid in a similar manner are classed together as the 
sulphites (compare p. 260). 

Sulphurous acid,, or moist sulphur dioxide, is an important 
4 bleaching ’ agent. When the acid is added to a solution of 
* magenta’ the colour of the dye is discharged f* violets and 
other flowers placed in a jar of the moist gas are also bleached. 
The actioijM sulphurous acid is milder than that of chlorine, 
and is a]So less destructive to the fabric or other material 
which retires to be 4 bleached.' For this reason sulphurous’ 
acid is employed in bleaching wool, straw, and other fibrous 
materials on which chlorine has a harmful effect (compare 
p. 289). 
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. CHAPTER XXVII. 

Nitric Acid and some Compounds 
obtained from it.* 


When nitre (saltpetre or potassium nitrate) is heated with 
sulphuric acid (in a retort, fig. 71),* a brown or yellow vapour 

is evolved at first, 
and then there dis¬ 
tils a brown or 
yellowish fuming 
liquid, known as 
nitric acid y which 
is essentially the 
same as that ob¬ 
tained by heating a 
mixture of nitre 
and green vitriol 
(p. 39). This 

liquid has a pun¬ 
gent and characteristic smell, and is extremely corrosive, 
causing severe wounds or ‘burns' if it gets on to the skin.t 
It also acts violently on sawdust, india-rubber, cork, and most 
other vegetable as well as animal matter, and on all well- 



known metals except gold and platinum ; for these, reasons it 
was once called a/qua fortis. 


Gold, silver, and platinum are not oxidised when they are left 
exposed to or heated in the air, an<l for this reason they used to lie 
called ‘noble’ or ‘royal’ metals, others being called ‘base* metals. 
Although hydrochloric or nitric acid alone lias no action on two of 


these noble metals (gold and platinum), a mixture of the two acids 
acts readily on-both, converting them into soluble yellow chloiidtaeL 
This mixture of acids, known as aqua regia t owes its actios)i|^o ; tl)^ 

* The cork (a) fits quite loosely or a hole is pierced 
* f Compare footnote, p. 39. 
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fact that nitric acid decomposes hydrogen chloride and liberates 
chlorine. All metals are attacked by—that is to say, combine 
with—chlorine. 


‘Nitric acid’ is prepared commercially by heating sodium 
nitrnte (Chili saltpetre) with sulphuric acid. When the com¬ 
mercial acid is heated in a distillation apparatus (fig. 7, p. 12) 
brown or ruddy fumes soon fill the flask and the liquid begins 
to boil, but the temperature does not remain constant, so 
that either the ‘nitric acid’ is a mixture or it decomposes. 
By fractional distillation under reduced pressure (p. 18)* 
a colourless liquid of constant boiling-point may be obtained. 
This substance is nitric acid, or hydrogen nitrate ; its specific 
gravity is 1-56 at 0°; under atmospheric pressure it boils at 
86°, but decomposes to some extent, giving a brown gas. Jt 


is miecible^ith water, and its dilute solution has a sour taste 
and turns blue litmus red. 

Commercial nitric acid contains from 1 to 50 per cent, 
of water, and is $fijJoured by dissolved gases (p. 246). 

Nitric acid ii||hsed commercially in the manufacture of 
sulphuric acid (p. 287) and in the preparation of many 
explosives (dynamite, gun-cotton, cordite) and many dyes. 

Nitric acid attacks copper with great violence; effer¬ 
vescence sets in, a brown gas is seen, the metal disappears, 
and there remains a blue solution which on evaporation gives 
blue crystals of copper nitrate (p. 42). When copper nitrate 
is heated it is decomposed, a brown gas is liberated, and black 
copper oxide remains (p. 43); hence copper nitrate and 
nitric acid contain combined oxygen .t What other element 
or elements does nitric acid contain ? 

Experiments' have shown that when nitric acid (which lias 
been most carefully purified) is gently heated and its vapour 


* Adding some sulphuric acid, which prevents water from distilling with 
the nitrio acid. 

t When mercury is treated with nitrio arid it is oonverted into mercuric 
nitrate, which when gently heated gives mercuric oxide. It was in this 
Wny that the presence of ooinbined oxygen in nitric arid was first proved 
by Lavuisier. 
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is parsed over strongly heated coppeT three products are 
'formed, namely, copper oxide, water, and nitrogen; hence 
nitric acid or hydrogen nitrato is a compound of three 
elemeAts— hydrogen, oxygen, and nitrogen (p. 245). 

The percentage composition of nitric acid may be deter¬ 
mined by decomposing a weighed quantity of the pure 
Compound in this way with a known weight (excess) of 
copper, collecting the water in a calcium-chloride tube and 
the dry nitrogen over mercury. The percentage of hydrogen 
is calculated from the weight of the water, that of the 
nitrogen from its volume, that of the oxygen from the weight 
of the water and the increase in weight of the copper. The 
analysis requires special apparatus, as all air and moisture 
uplift be excluded, and on this account details are omitted. 

As it is very difficult to obtain nitric acid quite free from water, 
and as the determination of its composition by the analysis of the 
acid itself is hy no means an easy task, the results are not very 
accurate. It is not necessary, however, to -estimate all three 
elements directly, since either the oxygen «&|4he nitrogen may 
be found by difference (p. 125). Further, thewestiination of the 
three elements in one operation is also unnecessary, so that condi¬ 
tions suitable for the determination of one constituent only may 
be chosen; thus one experiment may be made to determine the 
hydrogen, another to determine the nitrogen, and a third to 
' determine the oxygen. 

It is thus found that nitric acid consists of oxygen 7G*2, 
nitrogen 22 *2, and hydrogen 1-6 per cent., and its empirical 
formula, deduced in the usual way, is HN0 8 . 

Hydrogen, 1*6— l = l’6l 

Nitrogen, 22 2 4-14 — 1*6 - and 1 *6 : 1*6 : 4*8 as 1:1 :3. 

Oxygen, 76*2-16 = 4*8, 

This formula is confirmed by the results of more accurate 
analyses of silver nitrate and other derivatives (wilts) of 
nitric acid. 

Stiver nitrate has been known for a long time, and is a 
very important compound. Silver is readily acted on by hot 
dilute nitric acid, a brown gas is seen, and a colourless 
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solution results; on concentrating and cooling, anhydrous 
colourless crystals of silver nitrate are deposited. 

The percentage of silver in silver nitrate may be accurately 
determined by dissolving a weighed quantity of fchS pure 
metal in pure diluted nitric acid, evaporating to dryness (and 
until constant), find weighing, the residue of silver nitrate. 

5 g. of silver give 7-894 g. of silver nitrate; the percentage 
of silver in this substance, therefore, is 63*3. 

The silver may also be estimated by dissolving a known weight 
of pure silver nitrate in distilled water and precipitating the metal 
as chloride by adding a slight excess of hydrochloric acid (compare 
p. 149); the silver chloiide is then separated, dried, ami weighed. 

2*82 g. of silver nitrate give 2*37 g. of silver chloride.* The 
compo. ition of silver chloride is, silver 75*3, and chlorine 24per 
cent. Hence 2 37 g. of silver chloride contain 1*785 g. of silver. 
As this is the weight of the silver in 2*82 g. of silver nitrate, the 

* * i ■ 1-785x 100 

percentage of the metal is - —=63*3. 

Now silver nitrate does not contain any combined hydrogen, 
and it can be calculated that a substance of the formula 
AgNO a would contain 63*3 per cent, of silver. 

Since Ag = 107, N = 14, 0 = 16 (in whole numbers), the molecular 
weight of AgN0 3 would lie 169 and * 1 ^=63*3. 

iUd 

Therefore, as the formula of nitric acid is HNO a and silver 
nitrate is produced from silver and nitric acid, it would seem 
that the metal displaces hydrogen from the acid, just as 
metals as a class displace hydrogen from hydrogen chloride 
and hydrogen sulphate. This conclusion does not at first 
sight seem to be borne out by a study of the action of nitric 
acid on metals, for although silver, copper, lend, mercury, 
zinc, iron, and others dissolve chemically in the acid, hydrogen 
is not liberated, a different gas (or gases) altogether being set 
free. This change is described later (p. 245), but the fact 
may be recalled that metals do not liberate hydrogen from 
hot concentrated sulphuric acid. 

Now when metallic oxides are placed in nitric acid they 



240 NITRIC ACID AND COMPOUNDS^ OBTAINED FROM IT. 

dissolve chemically without any gas being liberated, just as 
tjiey do in hydrochloric acid and in sulphuric acid. Thus 
when copper oxide is placed in nitric acid it dissolves chemi¬ 
cally,‘giving a blue solution of copper nitrate; similarly, 
litharge (lead oxide), mercuric oxide, and magnesium oxide 
dissolve chemically, and crystalline substances (salts) are 
obtained on evaporating the solutions. In these reactions 
double decomposition occurs, and the hydrogen of the nitric 
acid combines with the oxygen of the metallic oxide, as 
represented by the following equations, 

CuO + 21iNO a = Cu(NO,)„ + H.,0 
PbO + 2 IINO 3 = l*b(N()’ .)“ + ll“ 0 . 

Tlie^ compounds formed in this and in other ways by dis¬ 
placing the hydrogen of nitric acid by metals are classed as 
salts of the acid and are called nitrates. 

Nitrogen Pentoxide. 

When pure nitric acid is very carefully mixed with excess 
of phosphorus pentoxide (p. 85) and the mixture is gently 
heated (in a retort), there distils an orange-coloured liquid, 
from which by cooling in a freezing mixture a colourless 
crystalline substance (in.p. 30°) may be isolated. This com¬ 
pound boils at 45°, decomposing to some extent; it dissolves 
chemically in water, with development of heat, and nitric 
acid is formed. Its formula is N 2 0 5 , and it is also called 
nitric anhydride because it combines with water and produces 
an acid (compare p. 233), 

N a 0 5 + H 2 0 = 2HN0 3 . 

Phosphorus pentoxide decomposes nitric acid, ami combines 
with the water which is formed. 

The Nitrates. 

Since one atom of a univalent element displaces one atom 
t>f hydrogen, and one atom of a bivalent element displaces 
two, and so on, the formula of a nitrate is M(NCy, M(NOj,)^, 
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M(NO ;i ) 3 ,* and so on according to the valency of the metal 
represented by M. The group of atoms (NO ;j ) which is pre¬ 
sent in all these compounds, and which enn be transferred 
without change, from one compound to another, as \vhen 
silver nitrate is treated with hydrogen chloride, 


AgNO., + IIC1 - Ag( '1 + HX (>.„ 

is called the nitric acid rat!trie (compare p. 228). This 
radicle is univalent. 

Potassium nitrate, KXO g (nitre or saltpetre), has already 
been mentioned (p. .*15), and also sodium nitrate, !S r aTs 0 3 
(Chili saltpetre). These* two compounds occur naturally in 
large quantities in hot countries (India, Chili, Peru), wjjich 
have a long dry season, and the way in which they are formed 
is very interesting. • 

Vegetable (and animal) matter, composed of compounds of 
carbon, hydrogen, oxygen, and nitrogen, decaying in the air, 
is oxidised in the presence of certain ‘ nitrifying * bacteria in 
such a way that nitric acid is formed; the acid then attacks 
mineral matter and forms a nitrate of sodium, potassium, or 
calcium. Animal refuse (dung, Ac.) is richer in nitrogen 
compounds than vegetable matter, and is employed in India 
in the ‘ artificial ’ preparation of nitre. 

Sodium and potassium nitrates are colourless, crystalline, and 
readily soluble in water. AY hen they are strongly heated they 
first melt and then decompose, giving oxygen (compare p. 82) 
and a substance called a nitrite , 


2KN(Xj + SKNOo. 

Polassium nitrate is used in the manufacture of gunpowder 
(p. 30),f but sodium nitrate is hygroscopic, and therefore 


* Brackets are used in tins and in similar cases partly to express the idea 
of a radicle, partly liecause the relationship between the three formula: is 
clearer than if they were written MNO,, MN 2 O tt , ami M N ; ,0 9 respectively. 

+ (innpowder, which is a mixture of potassium nitrate, sulphur, and 
charcoal in variable proportions, is explosive because when it is heated the 
sulphur and carbon decompose the potassium nitrate, and a large volume of 
a mixture of sulphur dioxide, carbon dioxirtS, and nitrogen is suddenly 
formed, together with potassium sulphate, carbonate, and other products. 

Juorg. p 
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could not be employed for such a purpose. Sodium nitrate 
is used in tlie manufacture of nitric acid,* and both salts 

r 

are also employed as manures. 

Silver xutrate, AgNO s , lias already been referred to 
(p. 238). It melts* at 198°, and is often cast into sticks, 
but at much higher temperatures it decomposes and gives 
silver, a brown gas, and oxygen. When rubbed on the skin 
it produces after some time a black stain, and a sore or ‘ burn * 
if applied sufficiently. T Silver nitrate is very poisonous. It 
is used largely in photography and in the laboratory. 

Copper nitrate, Cu(XO ;l ) 2 , crystallises with three molecules 
of water, forming beautiful blue crystals, Ou(NO.,) g , 3H L> (). 
Wlien strongly heated it decomposes, giving oxygen, a brown 
ga&, and a residue of cupric oxide, CuO. 

Lead nitrate, I*b(N0 3 ) 2 , may be prepared by chemically 
dissolving lead or litharge in nitric acid. On the solution 
being evaporated, the salt is deposited in colourless anhydrous 
crystals, which when heated strongly decrepit ale (p. 35) j and 
decompose, giving oxygen, a brown gas, and a residue of lead 
oxide, PbO. 

These examples illustrate the general behaviour of the 
nitrates, all of which are decomposed at moderately high 
temperatures. Some, such as potassium and sodium nitrates, 
give oxygen and a nitrite of the metal; others—and this is 
the more common behaviour—give a mixture of oxygen and 
a brown gas (nitrogen tetroxide, p. 240), leaving a residue of 
the metallic n:ride. A few—silver nitrate and mercury nitrate, 
for example—give the gases just named and the metal , because 
the oxides of these metals are themselves decomposed at high 
temperain res. 

A few metallic nitrates are decomposed by water, giving 

* The formation of nitric acirl if? expressed by the equation, 

2NaNO ;1 + H a SOj—2IINO ;i + Nii s iSOj. 

tSilver nitrate -was once called ‘lunar caustic,’ silver itself being known 
oh ‘Luna’ (the moon), from^ts bright, shining appearance. 

£ The liberation of gas causes these crystals to break up violently. 
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insoluble compounds; all the others are soluble in wate?, and 
all are soluble in dilute nitric acid. # 

Some natural waters contain traces of nitrates., 

Nitric Oxide. 

When copper turnings are placed in a WoulfFs bottle pro¬ 
vided with a thistle funnel, &c., exactly as shown in fig. 19 
(p. 63), and nitric acid is poured down the funnel (footnote t> 
p. 62),* the bottle is rapidly tilled with a brown gas, and a 
gas displaces the water from the cylinder; but the gas in 
the cylinder is colourless , not brown, and after some time the 
brown gas is no longer seen in the bottle. The cylinder is 
removed from the beehive and left inverted in the troTigJi, 
while other jars are filled with the gas and closed with glass 
plates. The gas does not dissolve in the water to any very 
appreciable extent; its solubility at 15° is about 5. 

If the glass plate is now removed from a cylinder of the 
gas, an extraordinary phenomenon is observed; the gas near 
the open end of the jar immediately becomes brown. This 
must bo due to somo action of one (or more) of the com¬ 
ponents of tlie air, but obviously not to aqueous vapour. In 
order to examine this phenomenon, a cylinder is half-filled 
with the gas and (possibly after first trying carbon dioxide or 
nitrogen with no obvious result) a little oxygen is bubbled up 
into the cylinder; brown fumes are immediately seen, from 
which fact it must be concluded that the colourless gas 
combines with free oxygen, or is decomposed by it. But the 
brown fumes disappear .again if the cylinder containing them 
is left inverted in water; hence the brown gas is readily soluble 
in water. On more oxygen being bubbled up the brown 
gas is again formed, and again dissolved; and on repeating 
this process several times it is seen that instead of the volume 
of gas increasing by the addition of oxygen, it diminishes, 

* The acid is diluted to n specific gravity of 1*2, and the contents of the 
bottle are kept cool. 
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until‘with a little care, namely, when one volume of oxygen 
has been added for every two volumes of the gas, the 
water rises /o the top of the cylinder. Experiments of 
this kind were made by Priestley, who, however, used air 
instead of oxygen.* lie lirst obtained the colourless gas 
in 1772, and called it ‘nitrous air.’ It is^iow known as 
nitric oxide. 

.Nitric oxide may be used as a test for free oxygen ; no 
other gas than oxygen forms a brown gas with it. Further, 
nitric oxide may be used for measuring the volume of free 
oxygon in the air (or in other gaseous mixtures), because, 
sinctv the hrown gas is soluble in water, the greatest diminu¬ 
tion^ in volume obtainable by the gradual addition of nitric 
oxide (in presence of water) corresponds with the volume of 
the free oxygen. .Nitric oxide, in fact, was so used by 
Cavendish, Priestley, and others, and as in those days it was 
supposed that the composition of the air varied at different 
seasons, the apparatus which was used for this purpose was 
called a eudiometer (p. 161, from two Greek words meaning 
fine weather and a measure). 

Nitric oxide does not burn in the air, and a burning candle 
or burning sulphur or charcoal is extinguished in tlie gas. 
AYlicn, however, some brightly burning phosphorus is placed 
in the gas (footnote, p. 84) combustion continues with in¬ 
creased vigour, and a dense white smoke fills the vessel. 
The white solid thus formed is identical with phosphorus 
pentoxide (the compound obtained by burning phosphorus 
in oxygen, p. 85). Nitric oxide, therefore, contains oxygen; 
it cannot he or contain free oxygen, as it gives a brown gas 
when it is mixed with oxygen. 

AVhen nitric oxide is slowly passed through a glass tube 
containing a long Layer of red-hot copper, the metal is 

# Priestley wrote afterwards: ‘ I hardly know any experiment that is more 
adapted to amaze and surprise than this, which exhibits a quantity of air 
u hich ar- it were devours a quantity of another kind of air half as large as 
itself, and yet is so far from gaining any addition t6 its bulk that jt is 
considerably diminished by it.' 
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changed into a black substance ■which can be identified as 
copper oxide. Some gas escapes, and may be collected over 
water (as soon as all the air in the tube has beta displaced). 
Tin’s gas is invisible, odourless, and practically insoluble in 
water; it extinguishes all burning substances; when it is 
dry and pure its density is 14, which is that of the element 
nitrogen (p. 93). Nitric oxide, therefore, is a compound of 
nitrogen and oxygen. 

Now the density of pure nitric oxide is 15, so that its 
molecular weight is 30; ns its molecule must contain at least 
one atom of nitrogen (at. wt. 14) and one atom of oxygen 
(at. wt. 16), its molecular formula is NO. • 

The nitric oxide obtained by the action of nitric acid on copj!br # is 
gciipiiilly mixed with nitrous oxide (p. 2G8), and the proportion of 
the latter depends on the concentration of the nitric acid and on 
tlu* temperature at which interaction occurs. Nitric oxide is 
absorbed by a solution of ferrous sulphate (green vitriol, p. 226), 
forming a black soluble compound, which is decomposed on heating 
its solution, nitric oxide being evolved. These facts may be made 
use of in separating nitric oxide from nitrous oxide and other 
gases. 

It is obvious that the .formation of nitric oxide from nitric 
acid by the action of copper (and other metals, such as 
mercury) is not a simple substitution (p. 116), and that 
both oxygen and' hydrogen, are removed from some of 
the. UNO*, molecules. As, at the same time, the copper is 
changed into Cu(N0 3 ) 2 , some of the IIN0 3 molecules lose 
hydrogen only. 

" It seems probable, therefore, that several distinct changes 
occur, and that the nitrate is formed in some indirect 
manner, just as a sulphate is so formed when a metal is 
heated with concentrated sulphuric acid (compare p. *230). 

It may be supposed that the metal, copper, for example, 
is first converted into oxide by some of the nitric acid, which 
is thereby decomposed into water and nitric oxide, 

3Cu + 211N0 8 = 3CuO + H 2 0 + 2NO; 
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and that the copper oxide and more nitric acid then form 
copper nitrate and water, 

• *3CuO + GHNOg - 3Cu(N 0 3 ) a + 311,0. 

These two reactions being combined, the linal result may be 
expressed by the equation, 

3Cu + 8I1X0 S - 3Cu(N0.,), + 4H/)V 2N0. 

This view is supported by the fact that some metals—tin, 
for example—are converted into their oxides, and not into 
their nitrates, by concentrated nitric acid. When this acid 
is poured on some tin a violent action occurs, a brown gas is 
seen and the tin is changed into a white powder, stannic 
oxide, Sn0 2 , combined with water. 

•’It is also known that nitric acid 'oxidises’ many elements 
besides the metals ; thus when sulphur is heated with nitric 
acid it is changed into sulphur trioxide, which, with the 
water present, forms sulphuric acid (p. 232). This important 
property of nitric acid is referred to again (p. 28G). 

Nitkogen Tetuoxide. 

The brown gas which is formed when nitric oxide and 
free oxygen are brought together changes to a pale-yellow 
liquid (b.pw 22 ), and then to an almost colourless crystal¬ 
line solid (m.p. — 12 C ), when it is cooled sufficiently. It can 
be shown that this solid has the molecular formula N 2 0 4 , so 
that it is produced by the combination of oxygen and nitric 
oxide. It is called nitroycn tel roxide. 

The brown gas in question may be produced in various 
other ways. It is formed when nitric acid is distilled, a part 
of the acid being decomposed into brown gas, oxygen, and 
water; the brown gas dissolves in the distillate, giving it a 
brown or yellow colour. It is also formed'wlicn lead nitrate 
and several other metallic nitrates are heated (compare p. 242), 
ancj, further, by the combination of oxygen and nitrogen. 

. If a flask containing air, or any mixture of oxygen and 

nitrogen, is Htted up as Bhown (tig. 72), with two (copper) 
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wires, between which electric sparks can be passed, then, on 
‘sparking,’ the gaseous mixture is locally heated at a very 
high temperature. After some time the content# of thf flask 
become brown, owing 
to the formation of 
nitric oxide, which 
combines with oxy¬ 
gen, giving nitrogen 
tetroxide. 

Nitric oxide is de¬ 
composed into nitro¬ 
gen and oxygen if it is 
heated very strongly. 

'When, therefore, the 
mixture of gases has 
been spark oil for some 
time, the proportion 
of tetroxide does not 
increase but remains pjg 72. 

constant, because just 

as much of the oxide is decomposed as is formed in a 
given time. The reactions are reversible. 

This combination of oxygen and nitrogen was studied by 
Cavendish (in 178-4), and he showed that when the brown 
gas is absorbed in caustic potash (p. 79) the solution, on 
evaporation, gives crystals of nitre (potassium nitrate).* 

Nitrates are now made commercially by ‘ sparking ’ air, 
absorbing the brown gas in water, and then neutralising with 
calcium carbonate, sodium carbonate, &c. (p. 299). 

Small quantities of nitrogen tetroxide are formed during 
thunderstorms, and carried down to the earth as nitric acid, 
which then acts on the earthy materials, forming nitrates. 

* The element nitrogen was so named because it gave rise to nitre. It is 
now known tliat when the brown gas is dissolved in caustic potash it forms 
not only potassium nitrate, but also potassium nitrite (p. 241), a salt of 
nitrous acid, 

N,0 4 +2KOH=KNO a +KNO a +H*0. 
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The 'nitrates so formed are absorbed by plants. The com¬ 
bination of nitrogen and oxygen under the influence ol“ the 
lightning discharge does not continue, because the reaction 
is endothermic (p. 137). 

CHAPTER XXVIII. 

Acids, Bases, and Salts* 

Acids. —The term ‘acid ’ which is applied to many different 
compounds is a general or class name like the terms ‘ metal * 
and 'salt ; ’ it was originally given to substances which had a 
shai^) or sour taste and a corrosive action on metals, and 
winch turned blue vegetable dyes, such as litmus, into red 
ones. All the acids which so far have been described show 
these common properties, hut at the same time differ from 
one another in many respects. 

Xow when Lavoisier was making experiments on ‘ burning ’ 
or combustion, he noticed that when certain (dement 1 ' such as 
carbon, sulphur, and phosphorus were burnt in Piieslley’s 
‘dephlogisticated air' and the products of combustion were, 
afterwards dissolved in water, the resulting solutions had the 
properties of acids. Hence lie concluded that an element 
formed an acid when it combined with ‘dephlogisticated 
air/ and the name osi/yvn which lie then gave to this 
‘air* means arid-jtroduen'. Many oxides, such as carbon 
dioxide, sulphur dioxide., and phosphorus pentoxide (p. 85), 
were therefore regarded as acids ; hut later on, when the 
composition of hydrogen chloride was established,* it was 
recognised that a substance which does not contain oxygeh 
may yet be an ‘acid.' Tn the course of time it avms found 
that acids are always compounds of hydroyrn, and that those 

* For some time it mas supposed that hydrogen chloride contained 
combined oxygen, because its solution m water had the properties of an* 
acid, and chlorine was regarded as a compound of oxygen with some 
unknown element or elements. 
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oxides which give acids when they are dissolved in water 
become acids only after they have combined with (the elements 
ol) water and been changed into compounds of liydrogpn, as 
well as of oxygen. 

Thus carbon dioxide, sulphur dioxide, and phosphorus 
pentoxide are m»t acids themselves, but when brought into 
contact with water they comldnc. with it, and carbonic , 
sulphurous, or phosphoric acid, as the case may be, is thus 
produced. 

As a result of this combination both the oxide and the 
iraler , as such, no longer exist; their molecules are changed ; 
and a new compound, having totally different properties, is 
formed. This is not obvious in the cases of carbon dioyjde 
and sulphur dioxide ; these gaseous oxides dissolve in wat<?r 
fchemieallvl without outward sign of chemical change, in 
much the, same way, apparently, as does oxygen or hydrogen, 
md they are expelled again, as oxides, on the solutions being 
heated. Nevertheless, although most of the water (which is 
present in great excess) remains unchanged, and merely acts 
as a solvent, the aqueous solutions doubtless contain definite 
compounds. 11 ., CO., and H.,»SO ; . respectively, and it is only 
beeause these compounds arc easily decomposed that they 
cannot be isolated *-that is to say, obtained free from water. 

Facts have already been given which seem to prove the. 
existence of sulphurous acid, ' H^O., (]>. _3‘1); and similar 
evidence is given later in the case of carbonic acid, H.jC0 3 
(p. ‘271). That many oxides (anhydrides) combine with water 
during solution to produce acids may, however, be proved In¬ 
direct evidence; thus sulphuric acid and nitiio acid may he 
obtained by the combination of the respective anhydrides 
with water, 

S0 3 + II „0 = IT.,80 4 
N,(b + lI/)-2HN0 a . 

Hence it is hardly true to say that oxides such as these 
dissolve in water; it is the jmxlucIs which pass into solution 
and which are the acids. 
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Trtie analysis of these acids has shown that tlieir formation 
is expressed by the above equations; tlieir chemical examina¬ 
tion t has lad to the conclusion that each of the hydrogen : 
atoms in their molecules is held by, attracted by, or com¬ 
bined with one particular oxygen atom j this may be indi¬ 
cated by writing their formulas SOo(OU> 2 and JS0 2 (U11) 
respectively. 

The group or radicle (p. 228), namely (Oil), which is thus 
contained in these molecules is called the /</;.// , tw* i y/-group, and 
a compound which contains one or more hydroxyl-groups is 
called a hydroxide. 

The use of formula* such as SO._,(OII) 2 and NO^OH) is of 
sojpe help in forming a mental picture of chemical change. 
In every molecule composed of two or more, atoms, the atoms 
are held together and can only he separated by the application 
of heat or other form of energy ; they attract one another 
with some power or force which is often railed chemical 
affinity. Owing to the attractions of the different elements 
for one another, the atoms in the molecules become arranged 
or grouped in some definite manner, so that the molecule may 
be regarded as a rfrucliuv of definite form. Thus the molecule 
of sulphur trioxide may be pictured as a structure in which 
one atom of sulphur is attracting three atoms of oxygen, thus 



and that of water as a structure in which one atom 


of 


oxygen is attracting two atoms of hydrogen, thus HOII. 
When a molecule of sulphur trioxide combines with a mole¬ 
cule of water, the atoms rearrange, themselves and a totally 
new structure or molecule is formed, namely, that of sulphuric 


acid, or 0*8(011)* or 8() 2 (OH) 2 , in which each of 


the hydrogen atoms is held or attracted by one particular 
oxygen atom, forming a hydroxyl-group. 

Formulae of this kind (r.ortfditutianal formula) may serve 
to recall the fact that although sulphuric acid is produced by 
the combination of one molecule of sulphur trioxide .with one 
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molecule of water, the molecule of the acid itself contains 
neither of these molecules, but is a new and distinct structure, 
different from both. 

A radicle (p. 228) is thus to he regarded as a portion of a 
structure, or molecule, which occurs in the molecules of many 
different comptMnds. ' • 

Although the hydroxides of many elements are acids, an 
acid is not always a hydroxide. Hydrogen chloride and 
hydrogen sulphide arc acids, but not hydroxides; water, on 
the other hand, is a hydroxide, hut not an aeid. 

lienee it is not the mere presence of combined hydrogen which 
causes a snhstance to have acid properties ; such properties are 
only sliouu by compounds in which the hydrogen is combined with 
particular elements or in a particular way. The hydrogen com¬ 
pounds of chlorine and of sulphur are acids; those of oxygen and 
of carbon, for example, are not. 

H is also noteworthy that although the hydrogen compounds of 
oxygen and of carbon are not acids, yet many acids are known 
which consist only of the three elements hydrogen, oxygen, and 
carbon, as, for example, carbonic acid (p. 271) and acetic acid 
(p. 277). From such facts it must he concluded that the properties 
of a substance depend not only on the nature (or kind) of the atoms 
winch it contains, hut also on how they are arranged together to 
form the molecule. 

Basic hydroxides. —The compound quicklime or calcium 
oxide combines with water to form calcium hydroxide 
(p. 71); here again it is known that both the metallic 
oxide and the water are changed, and the result may he 
expressed thus, 

CaO 4- ILO = Ca(OH) ii . 

Although calcium hydroxide is thus produced from an 
oxide by a process similar to that by which sulphuric, nitric, 
and other acids are formed from their respective anhydrides, 
it differs from the acids in a marked manner. It has not a 
sour taste, does not corrode metals, and does not change blue, 
to red, litmus; hut litmus which has been turned led by an 
acid becomes blue agaiu when caleium hydroxide is added 
to it. 
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Now calcium hydroxide is readily acted on by acids; thus 
with hydrochloric, nitric, sulphurous, and sulphuric acids it 
yields^in addition to water, a sa/t- -that is to say, a compound 
which is formed from the acid by the displacement of its 
hydrogen by a metal, 

Ca(() I \% + 2JTC1 - CaCl., + 211,0 c 
Ca(( )ll)“ 4- 21IXO* = Ca(NO,).,+ 2H„0 
Ca(01I) 2 + H,KO,'— CaS( )* +2H a O 
Ca((.)l I)“ + H 2 S( )'* - CaSt) 4 + 211/). 

The properties of salts are very different from those of the 
compounds from which they have been formed; thus, com¬ 
pared' with the highly corrosive acids, they may be regarded 
as mild or neutral substances, and even when compared 
with calcium hydroxide, they seem to be very passive ; for 
example, they do not as a rule change the colour of either 
red or blue litmus. 

Many hydroxides resemble calcium hydroxide inasmuch as 
they act on and ‘ neutralist; ’ acids, a raft and water being 
formed ; such hydroxides are called basic hydroxide* or bates* 
and the oxides from which the}' are produced are called basic, 
oxides . 

Thus copper hydroxide, lead hydroxide, and silver hydroxide 
are basic hydroxides, and their behaviour towards acids is 
expressed by equations such as the following, 

Cn(< >11;., +1 r.KO, --- CuSf ) 4 + 2H..0 
Pb(() II)‘ + 2 H X (), 1 *b(X 0 M ) 2 + 2H 2 0 
Ag(OlI) + HC1 - AgCl + HJ). 

The oxides CuO, PbO, and Ag/) respectively, obtained by 
heating these hydroxides, are basic oxides. 

Some basic hydroxides, such as sodium hydroxide, NjtOH, 
and potassium hydroxide (pp. 78, 79), which are readily soluble 

*.Most of the common * mineral ’ acids iiic liquids (nitric and sulphuric 
acids) or solutions (hydrochloric acid), and leave no residue when suffi¬ 
ciently heated ; when treated with solid, non-volatile calcium hydroxide 
they give solid, non-volatile products, which seem to owe their solidity to , 
a foundation or Lane of calcium hydroxide. 
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in water, are extremely active substances, and such *very 
active hydroxides are called alkalis. # 

Salts.—A salt may therefore he regarded fyom several 
stand points : as a compound formed, totf ether wtih water , by 
the interaction of an acid and a basic hydroxide, or by the 
interaction of an acid and a basic oxide, 

Ag a O + 2TIC1 = 2AgCl + H.p; 

also, as a compound formed by displacing the hydrogen of an 
acid by a metal (compare pp. 146, 147, 224, 239). 

The meanings of the terms just referred to nuiv be further 
illustrated by considering the behaviour of two widely different 
elements, sodium and sulphur. Soiltinn is a lustrous solid, 
not unlike silver in appearance, but much more active cheTuj- 
eally; when placed in water it liberates hydrogen at ordinary 
temperatures (p. 107), and there is formed a solution of a 
colourless crystalline substance, sodium hydroxide, 

2Ka + 2H,()« 2Na(OII) + H„ 

identical with that formed from sodium carbonate and calcium 
hydroxide (p. 78). Sodium hydroxide is also formed when 
sodium oxide is placed in water, 

NiijjO + Tb.O = 2Xa(OH); 

it is a very active substance, is caustic, and‘turns red litmus 
blue. 

Sulphur does not act on water; it combines with oxygen 
and forms two oxides (anhydrides), both of which unite with 
water. The hydroxides thus formed, namely, sulphurous and 
sulphuric acids, have a sour taste, corrode metals, and turn 
blue litmus red. 

When a little litmus solution is added to one of these 
acids, say sulphuric acid,, and a solution of sodium hydroxide 
is then slowly dropped in (from a burette), the red colour of 
the solution changes to blue where the drops fall, but on the 
solution being shaken, the blue colour immediately gives place 
to red. As the addition of the sodium hydroxide solution is 
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continued, the blue colour changes more and more slowly, until 
at last with careful work the wholo of the solution is coloured 
neither blue nor bright red, but an intermediate ‘ port-wine ’ 
shade! The solution now does not contain either sulphuric 
acid or sodium hydroxide, and when evaporated it yields 
crystals of sodium sulphate (p. 226), a substance which does 
not change the colour of blue or red litmus, which is neither 
caustic nor sour, and which, compared with sodium hydroxide 
or with sulphuric acid, may he regarded as an extremely mild 
or neutral substance. The sodium hydroxide and sulphuric 
acid are said to have neutralised one another ; they have been 
mixed in equivalent quantities and have formed a salt and 
water 

2Na(OH) + ir a S0 4 = Na 2 S0 4 + 2H.O. 

Many compounds behave like sulphuric acid towards 
sodium hydroxide, and are classed as acids ; all such com¬ 
pounds contain combined hydroyen : many of them are 
formed by the union of an oxide with water; such oxides 
are called anhydrides or arid-forminy oxides; elements which 
give rise to acid-forming oxides only are called non-metals. 

An acid the molecule of which contains one atom of 
hydrogen displaceable by a metal is called a monobasic acid, 
as, for example, hydrogen chloride and hydrogen nitrate; 
when there are two. atoms of displaceable hydrogen in the 
molecule, as, for example, in sulphurous and sulphuric acids, 
the acid is called dibasic; if three (as in phosphoric acid, 
H 3 P0 4 ), the acid is tribas!c ; and so on. 

Many hydroxides behave like sodium hydroxide towards 
acids, and are classed as basic hydroxides; all such com¬ 
pounds may he considered as having been formed by the 
combination of an oxide with water; such oxides aro called 
basic oxides; elements which give rise to at least one basic 
oxide aro called medals. 

A basic hydroxide such as sodium hydroxide or silver 
hydroxide, the molecule of which contains one hydroxyl- 
group, is called a monacid hydroxide; if two hydroxyl-groups 
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are present in the molecule, as in the hydroxides of»lead, 
copper, and calcium (p. 252), the compound is a diac\d 
hydroxide ; and so on. 

Many basic oxides are insoluble in, and do not combine 
with, water when they are merely added to it, but the corre¬ 
sponding basic hydroxides may be obtained by other methods. 

A basic hydroxide may also be regarded as a compound 
derived from water by the displacement of one atom of 
hydrogen by an equivalent of a metal ; thus the univalent 
metal sodium displaces one atom of hydrogen, forming 
Nn(OlI); the bivalent elements calcium, copper, lead, &c. 
displace two atoms of hydrogen from two molecules of water, 
forming compounds such as Ca((>ll) 2 , Cu(OII) a ; and so on. 
It must not be supposed, however, that all basic hydroxides 
can be prepared by treating a metal with water; some metals 
only act on water at high temperatures, while others, such as 
copper, have no action. 

The term 'metal,’ of which some explanation was given 
very early (p. 35), is applied to a class of elements which 
have not only certain physical but also certain chemical pro¬ 
perties in common. A metal forms at least one basic oxide, 
ami displaces hydrogen from acids. 

The division of the elements into metals and non-metals, 
of their oxides into basic oxides and acid-forming oxides 
(anhydrides), ami of their hydroxides into bases and acids, 
is convenient in many ways, and as regards most elements, 
oxides, and hydroxides, there is not much difficulty in decid¬ 
ing in which of the two classes a given substance should be 
placed; but in chemistry there are no boundary lines. Some 
elements, some oxides, and some hydroxides seem to belong 
to the one class or to the other according to the test which 
is applied ;■ thus the hydroxide of the element aluminium 
(p. 295) behaves as a basic hydroxide when it is treated 
with sulphuric acid, but as an acid when it is treated with 
sodium hydroxide, a salt and water being formed in both 
cases. Further examples will be given later; at this stage it 
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is sufficient to point out that the exact definition of terms 
spell as ‘acid,’ ‘ base,’ Ac. is not a simple! matter. 

Titration—Volumetric Analysis. 

In the formation of a salt and water from an acid and a 
basic hydroxide, ah atom of hydrogen from'the molecule of 
the acid combines with a hydroxyl-group from the molecule 
of the basic hydroxide to form water; it follows, therefore, 
that one. molecule of a monobasic acid is equivalent to 
or neutralises one molecule of a monacid hydroxide, that 
one molecule of a dibasic acid neutralises 
tiro molecules of a monacid hydroxide, that 
tiro molecules of a monobasic acid neutralise 
one molecule of a diacid base, and so on. 

H('l 4- Xa< )1I = NaCl -t- H/) 
ir.,K( > 4 + 2Xa(>li - \a.,S( >, + 21 f a O 
211 Cl + Ca(OH), - CaCL + 211/)“ 

The relative quantities of acid and basic 
hydroxide which thus neutralise one another, 
and which are expressed by the above equa¬ 
tions, are thus equity dent weights (p. 17G). 

Now suppose that a solution of hydrogen 
chloride is gradually added (from a burette, 
fig. 7.‘1) to a solution of sodium hydroxide 
coloured with litmus until the colour of the 
solution is neither blue nor red (compare 
p. 25:1), the acid and the sodium hydroxide 
have then been mixed in equivalent qunnti- 
Fig. 73. ties, and the solution contains only sodium 
chloride. 

If the iroifjht. of hydrogen chloride in a given volume (say 
1 litre) of the hydrochloric acid is known, and also the, volume 
of the solution which has been run from the burette, the 
weif/ht of sodium hydroxide originally present in the alkaline 
solution is easily calculated. 
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Example .—1 litre of the acid contains 36'2 g. of hydrogen 
chloride; *20 c.c. were used. From the above equation 36’2 g. of 
HC1 are equivalent to 40 g. NaUH. 20 c.c. of the acid contain 

“’ ^'^- = 0*724 g. HCI. • By proportion, therefore, the weight of 
1000 

0*724x40 

sodium hydroxide is - , =0‘8 g. in the given solution. 

iiD w 

• • 

Tn an exactly similar manner the weight of hydrogen 
chloride (or other acid) may he ascertained with the aid of 
a solution of sodium hydroxide of known concentration, 
using litmus as indicator; it is of no consequence whether 
the acid is added from a burette to a known volume of the 


sodium hydroxide or vice verm, as when the neutral # tint 
is reached, the substances have been mixed in equivalent 
proportions. • 

This operation of estimating the quantity of one substance 
in a solution, by gradually adding a solution of another sub¬ 
stance of known concentration until a certain known change 
occurs, is termed fit ration; the litmus or other substance 
which shows when the desired change has taken place is 
termed the indicator. 


For practical purposes, and to save trouble in calculating 
the results, the prepared solutions of acids and basic 
hydroxides used in titrations are generally of a fixed con- 
centra Lion, and are termed standard solutions. The quantity 
of a substance in a given volume (say 1 litre) of its solution 
is also so chosen that a given volume of any acid neutralises 
an equal volume of any basic hydroxide; that is to say, all 
the solutions are of equivalent concentration. 

The usual standard concentration is 1 gram - molecule 
(p. 197) of a monobasic- acid or monacid base in 1 litre ; 
since 1 molecule of a dibasic acid is equivalent to 2 mole¬ 
cules of a monacid base, the equivalent solution of such an 
acid contains J gram-molecule per litre, and similarly with a 
solution of a diacid base; in the case of a tribasic acid 
^ grain-molecule would be the equivalent quantity. Such 
solutions are termed normal or N-solutions. It is generally 

Jn«r«. Q 
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convenient to prepare standard solutions of one-tenth of this 
concentration for more accurate work; these are deci-normal 

or solutions. ; 

Acid Salts. 

( 

When sulphuric acid is added to sodium chloride until the 
evolution of hydrogen chloride ceases, even on warming gently 
(as in preparing hydrogen chloride, p. 142), the product 
crystallises on cooling; if this crystalline mass is crushed, 
and drained on porous earthenware to get rid of sulphuric 
acid, and then recrystallised from hot water, colourless 
‘prisms’ of a substance called sodium hydrogen sulphate 
are obtained. 

When a measured volume of sodium hydroxide is neu¬ 
tralised with (diluted) sulphuric acid as already described, and 
an equal volume of the same (diluted) acid is afterwards 
added, then on evaporation, instead of hydrated crystals of 
sodium sulphate, Xa.,S0 4 , 101I..O (p. 220), only long prisms 
of sod Icon hydrot/en sulphate are obtained, and no other sul)- 
stance is mixed with them. 

Further, when some hydrated sodium sulphate is dissolved 
in water and treated with about one-third of its weight of 
sulphuric acid, the solution on evaporation gives prisms of 
sodium hydroym sul/Jiala. 

The crystals of sodium hydrogen sulphate obtained by 
these three methods are readily soluble in water, and even 
after repeated recrystallisation (to remove every trace of 
sulphuric acid) their aqueous solution has a strong ‘acid 
reaction’ to litmus, and dissolves zinc, magnesium, and other 
metals chemically, with liberation of hydrogen; the solution, 
in fact, behaves very like a solution of sulphuric acid. 

"When dry sodium hydrogen sulphate is strongly heated it , 
gives off ‘fumes,’ and when these are passed into water a 
solution of sulphuric acid is obtained; the non-volatile 
residue consists of anhydrous sodium sulphate, and if crystal* 
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lised from water it gives the pure hydrated salt, Na 2 S0 4 , 
10H,O. 

Quantitative experiments show that the los* in Vipight 
observed on heating Bodium hydrogen sulphate corresponds 
with the loss which should occur if the change wore 
expressed by tho'oquation, 

Na 2 S0 4 , H s S 0 4 = Na 2 S() 4 + IT 2 S0 4 ; 

(Residue) (Volatile) 

and the weight of barium sulphate which is obtained from a 
given weight of sodium hydrogen sulphate by precipitation 
with barium chloride (p. 227) corresponds with that calcu¬ 
lated from the equation, • 

EnjfiO* H a SO 4 + 2BaCl a = 2BaS0 4 + 2NaCl + 2HCl. . 

These facts show that the composition of sodium hydrogen 
sulphate may be expressed by the formula, 

SaoSO* Ii,S0 4 or Na 2 H 2 (S0 4 ), or KaILS0 4 . 

For many reasons, which it is unnecessary to particularise, 
the last of these formula) is used to represent sodium hydrogen 
sulphate ; the substance is regarded as a salt, produced by 
displacing a part of the hydrogen of the acid hy the metal. 
Its formation hy the action of sulphuric acid on (l) sodium 
chloride, (2) sodium hydroxide, (3) sodium sulphate is ex¬ 
pressed thus: 

(1) II.,S0 4 + NuCl *= NnHR0 4 + IIC1. 

(2) fj“S() 4 + KnOII --- XnlIB( > 4 + 1I 2 0 * 

(3) II 2 S0 4 + Na a 80 4 = 2NaHS(> 4 . 

The molecule of this salt, however, still contains one of the 
hydroyen atoms of the acid, and this atom may he displaced 
by a metal, 

NaTIS0 4 + NnOH = Na a S( ) 4 + 1I 2 0. 

* Jn making sodium hydrogen sulphate, equivalent quantities of sodium 
hydroxide and sulphuric acid are 40 and 98 respectively as expressed by 
this equation, but in making sodium sulphate, N«.jS 0 4 , equivalent quanti¬ 
ties are 40x2 and 98 respectively. The equivalent of a compound, like 
that of an element, depends on the nature of the chemical change in which 
it takes part. 
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Many salts of such a type are known—that is to say, salts 
formed by displacing only a part of the displaceable hydrogen * 
of tire molfccule of an acid; such compounds are named, 
acid or hydrogen salts in order to distinguish them from 
those which arc produced by displacing the whole of the 
displaceable hydrogen, and which are called •normal salts. 

Although sodium hydrogen sulphate has an acid reaction 
to litmus, this is by no means a characteristic property of 
acid or hydrogen salts as a class; in fact, some of them turn 
red litmus blue. 

Sodium hydrogen sulphite, XallS0 3 , is formed when 
excess of sulphur dioxide is passed into a solution of sodium 
hydroxide, 

' NaOH + H 2 S0 3 = NaHSOg 4- H 2 0; 

it is crystalline and readily soluble in water, but when its 
aqueous solution is boiled, the hydrogen salt is decomposed, 
giving sulphur dioxide (which escapes) and normal sodium 
sulphite , 

2NaHSO a = S0 2 + H 2 0 + Na 2 S0 3 . 

Some of the best-known and most important acid or hydrogen 
salts are derived from carbonic acid, and are described later. 


CHAPTER XXIX. 

Ammonia. 

A colourless, crystalline substance called sal-ammoniac has 
been known from very early times. Possibly it was first 
found as a deposit in the neighbourhood of volcanoes; later 
on it was prepared by extracting with water the soot obtained 
by burning camel’s dung. In more recent times animal 

* Some acids contain one or more hydrogen atoms which are never dis¬ 
placed by metals (compare p. 278). The basicity of an acid depends on its 
displaceable hydrogen, and not oq the total number of hydrogen atoms in 
its molecule. 
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refuse such as horns, bones, &c. was submitted to destructive 
distillation (p. 114), and the aqueous distillate was evaporated 
with hydrochloric acid; the product was crude sal-ammcyiiac. 

When sal-ammoniac is heated gently dense white ‘fumes' 
are formed. The solid changes into a vapour which con¬ 
denses directly to the solid again, without passing through 
the liquid state (sublimation, p. 19). Sal-ammoniac, there¬ 
fore, may be called a volatile sub¬ 
stance, and may be separated 
from non -volatile impurities by 
sublimation. 

When sal-ammoniac is mixed 
with slaked lime a very pungent 
and characteristic smell is imme- 
diately observed, owing to the 
liberation of an invisible gas 
called ammonia. 

Ammonia is prepared by heating 
a mixture of sal-ammoniac (1 part) 
ami quicklime (1 part) in an angle- 
tube (fig. 74). As the gas cannot 
he collected over water, because it 
is so soluble, it is collected over 
mercury ; or, as it is lighter than 
air, by displacing air downwards 
(compare p. 66), as shown. Ammonia is absorbed by the 
three substances commonly used for drying gases (p. 67), 
and if required free from aqueous vapour it is passed through 
tubes containing quicklime, Ca0 + H 2 0 = Ca(01I) ;J . 

The great solubility of the gas in water is easily proved by 
passing up a little water into some of the gas confined over 
mercury. If the ammonia is free from air and enough water 
is used, the whole of the gas is immediately dissolved. Its 
solubility is greater than that of any other gas, one volume 
of water at 15° dissolving 802 volumes of ammonia, and 
during the solution of the gas a development of heat occurs. 




262 


AMMONIA. 


Tlie aqueous solution of ammonia, at one time called spirit 
ef hartshorn, lias the pungent odour of the gas. When a 
concentrated solution is heated the gas escapes, together with 
very little aqueous vapour, and the solution becomes more 
dilute, until linally, after it has boiled for some time, all the 
ammonia is expelled. The aqueous solution is a commercial 
product (p. 267), and contains about 36 per cent, of ammonia, 



Fig. 75. 


its specific gravity being about 0*88. Ammonia is conveniently 
obtained in the laboratory by ynufly heating this aqueous 
solution and passing the gas through a vessel (c, iig. 75) 
containing quicklime to dry it. 

Ammonia is non-inflammable under ordinary conditions, 
and extinguishes a lighted taper and other ordinary flames; 
in an atmosphere of oxygen, however, ammonia burns with a 
yellowish, green-edged flame. This can he shown by passing 
a stream of oxygen through the tube (a, fig. 7.5) and a stream 
of ammonia through the tube (b), and applying a light to the 
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latter. A mixture of oxygon and ammonia in suitable ’pro¬ 
portions explodes violently when ignited. • 

A flame of dry ammonia burning in dry oxygegi deposits a 
liquid on a cold vessel held in it, and with the aid of a 
cooling apparatus similar to that used in burning hydrogen 
(p. 104), a sufficient quantity of this liquid, can be collected 
and identified as water. Ammonia, therefore, is a compound 
of hydrogen. If it contained only 1 per cent, of free hydro¬ 
gen it would not be completely soluble even in fifty times 
its own volume of water. 

The presence of combined hydrogen in ammonia is also 
shown by passing a stream of the dry gas through a tube 
containing heated copper oxide; water is formed, an^ a 
colourless invisible gas, which can be identified as the pufts 
element nitrogen, is liberated ; hence ammonia is a compound 
of nitrogen and hydrogen. 

In this experiment dry ammonia is passed through the 
cold tube containing the copper oxide, until all the air 
is expelled; the oxide is then heated, and after a shqrt 
time the escaping gas is collected over mercury. A little 
dilute sulphuric acid floats on the mercury in the gas 
cylinder so that any’ unchanged ammonia may be ab¬ 
sorbed (p. 26fi). In order to prove that the gas so obtained 
is nitrogen, it may be ‘sparked’ with oxygen (p. 247); blit 
to prove that it is pure nitrbgen the density of the dry gas 
may be determined. 

A quantitative analysis of ammonia may also be based 
on this reaction. An unknown weight or volume of the 
gas is passeil very slowly over heated copper oxide, and 
the nitrogen is collected; from the volume of this gas, the 
weight of the nitrogen is calculated, the weight of the 
hydrogen being found -from the loss in weight of the copper 
oxide tube. The rvlatire weights of the gases in the unknown 

weight of ammonia are thus found to he, hydrogen 1, 

, • 

nitrogen 4*6. As the atomic weight of nitrogen is 14, the 
weight of hydrogen which is combined with 14 units or 
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1 atom of nitrogen 


is 


14x1 

4*6 


— 3 units or 3 atoms; hence the 


empirical formula of aminonia is NH 3 . Now the density of 
ammonia is 8'5, so that its molecular weight is 17, which 
corresponds with the molecular formula JS T 11 3 . 

Ammonia, like .hydrogen sulphide, is decomposed into its 
elements when it is strongly heated. When some of the dry 
gas (say 30 c.c.) confined over mercury (in the apparatus, fig. 
60, p. 162) is ‘sparked’ during some hours, its volume slowly 
increases (say to 40 c.c.); if, then, the volume of the un¬ 
changed ammonia is measured hy admitting a few drops of 
dilute sulphuric acid and noting the contraction (say 20 c.c.) 
whjcli occurs, it is found that the ammonia which has been 
decomposed (10 c.c.) has given 20 c.c. or twice its volume of gas. 
This is a mixture of 5 c.c. of nitrogen and 15 c.c. of hydrogen.* 
This volume relationship is expressed by the equation, 

2NH. = X 2 +3H s 
2 vols. - 1 vol. 4- 3 vols., 


and such a qualitative and quantitative result could not be 
obtained except with a compound of the molecular formula 
NH a . 

Although ammonia is a compound of hydrogen, its solution 
in water is not an acid, but has different properties altogether; 
it has a soapy feel, and turns red litmus blue, just as does 
a solution of sodium hydroxide (p. 253) and other strongly 
basic hydroxides. The substance in solution, therefore, is 
classed as an alkali (pp. 79, 253). 

Now, when an aqueous solution of ammonia is neutralised 
with hydrochloric acid, using litmus as indicator (p. 257), and 
then evaporated, crystals of the neutral odourless compound, 
sal-ammoniac or ammonium chloride, are obtained. 


As ammonium chloride does not volatilise with water vapour, 
whereas aqueous solutions of ammonia or of hydrogen chloride 


* The composition of this mixture is determined by exploding it with 
oxygen. 
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leave no residue on evaporation, it does not matter whether the 

hydrochloric acid is added in excess or not; in either case pure 

ammonium chloride remains on evaporating to dryness, the excels 

of ammonia or of hydrogen chloride passing away. • If, therefore, 

pure ammonium chloride is required an indicator is not used, and 

the dilute solution of ammonia is merely added to the dilute acid 

until the latter smells faintly of ammonia. 

* • 

Ammonium chloride is also formed when ammonia and 
hydrogen chloride are brought together. If two gas-jars 
containing the roughly dried gases and closed with glass 
plates are brought mouth to mouth and the plates are 
then removed, dense white fumes are formed, with develop¬ 
ment of heat, and these settle as a crystalline layer o» the 
sides of the jars. If equal volumes of the two gases^are 
brought together over mercury no gas remains, and ammoniiftn 
chloride is the only product; hence ammonium chloride is 
formed by the combination of equal numbers of molecules ol 
ammonia and hydrogen chloride, 

NH, + nCl = 2iH 4 a 

Ammonium chloride gives a precipitate of silver chloride 
when it is added to a solution of silver nitrate. The com¬ 
bined chlorine in the -pure compound can thus he estimated 
(p. 15*2), and is found to be 66*0 per cent., a result which 
corresponds with the iibove formula. 

All chlorides hitherto described may be regarded as salts 
derived from hydrogen chloride by displacing its hydrogen by 
an equivalent of some metal, and one method of preparing 
such chlorides is to treat a basic hydroxide with hydrochloric 
acid, 

Na(OIl) + JIC1 = KaCl + H.,0 
Ca(< >11)., + 21IC1 = CaCl, + 211/). 

Mow, if ammonium chloride is also to he regarded as a salt 
derived from hydrogen chloride, the atom of hydrogen must 
have been displaced by the group of atoms (NH 4 ). The fact 
that an aqueous solution of ammonia, like that of sodium 
hydroxide and other basic hydroxides, lias an alkaline 
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reactfon seems to show that the ammonia has combined with 
the water to form a basic hydroxide, NiI 4 (OIf), 

. I NH 3 + H s! 0 = N1I 4 (0H). 

As such a compound has never been obtained from the 
solution, it may also be supposed that it is inittahlr, and 
decomposes into ammonia and water when' its solution is 
evaporated. That such a compound actually exists in the 
solution, however, is probable from a study of its derivatives, 
just as in the case of sulphurous acid (p. 233) and carbonic 
acid (p. 271), and it is called ammonium hydroxide. 

The group of atoms (NTI 4 ) which is contained in ammonium 
hydroxide, ammonium chloride, and many other compounds 
is kjiown as the ammonium radielt*. As this radicle displaces 
hydrogen from acids it is a iumir radiele , and as it displaces 
or is equivalent to one atom of hydrogen it is a univalent 
radicle. The radicle ammonium, in fact, corresponds in many 
ways with a single atom of sodium, 

Nir 4 (OTT) kh 4 ci (NH 4 ).,so 4 

Is a (OH) NaCl jS\'i B S0 4> 

and ammonium chloride ami other compounds which may be 
regarded as derived fiom acids by displacing their hydrogen 
by (oS* 11 4 ) arc called ammonium mff*. 

Ammonium sulphate, (NH 4 ) 3 KU 4 , is obtained in colourless 
crystals wlion dilute sulphuric acid is neutralised with a dilute 
solution of ammonium hydroxide, and the liquid is then 
evaporated, 

H,S0 4 + 2NII/OTJ) = (NH 4 ),SG 4 + 2II 2 0. 

The reaction may be regarded as chemically similar to that 
which occurs when sulphuric acid is neutralised with sodium 
hydroxide (p. 254). 

In preparing ammonium sulphate in this way the ammonium 
hydroxide is added in slight excess (until the solid ion smells of 
ammonia). On evaporating, any excess of ammonium hydroxide is 
volatilised, whereas if excess of sulphuric acid were used this com* 
pound would not escape with the steam, and the product would be 
Impure. 
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Ammonium sulphate is prepared in large quantities from 
gas-liquor (p. 118), which is the principal source of ammonia 
and its salts. This yellow, watery fluid, obtained jn the 
manufacture of coal-gas, is an aqueous solution of many com¬ 
pounds, of which the more important are ammonium sulphide 
and ammonium carbonate (p. 276). Coal,dike most vegetable 
and animal matter, contains compounds of nitrogen and of 
sulphur, and during the highly complex process of destruc¬ 
tive distillation ammonia and hydrogen sulphide are produced 
in small quantities. The ‘liquor' is boiled with milk of 
lime, which decomposes all the ammonium salts present, 


(X n,), s + Cn(< 
(M],)X() a + Ca(01I). 


2NH :j + CaS + 2H„0 

J-2XH. + CaC (>3 + 2H/>, . 


* 


and the ammonia which escapes is passed into an acid in 
order to obtain the desired salt, or into water if ammonium 
hydroxide solution is required. 

The ammonium sulphate manufactured in this way is 
largely used as a manure to supply crops (especially the 
sugar-beet) with the nitrogen compounds which are essen¬ 
tial to their growth (p. l.'tO). 

Ammonium nitrate; (NIIJNCh, is formed when tlihtfe nitric 
acid is neutralised with ammonium hydroxide and the solution 
evaporated ; it is colourless and crystalline. 

Ammonium sulphide is formed when hydrogen sulphide is 
passed into a solution of ammonium hydroxide, 

SIr 2 + 2XII 4 (( HI) - (XII 4 ),S + 211,0 ; 


hut if the stream of gas is continued, the normal sulphide is 
converted into ammonium hy<Iro1}>hitJc, 

SH a + (X1I 4 ),S - 2(NH 4 )SII. 

Solutions of these salts are used in the laboratory; when 
they are evaporated they leave no residue. 

All ammonium salts are soluble in water, and many of 
them sublime when they are heated, leaving no residue, 
hut ammonium nitrate is completely decomposed (p. 268). 
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Ammonia (or ammonium hydroxide) is sometimes called a 
volatile alkali in distinction to the non-volatile or ‘fixed 
alkalis,’ such,as sodium hydroxide. 

When any ammonium salt is heated with sodium hydroxide, 
calcium hydroxide, or other ‘fixed ’ basic hydroxide, ammonia 
is liberated, and may be identified by its smell and by its 
action on a red litmus paper. 

The quantity of ammonium hydroxide (or of ammonia) in 
an aqueous solution is easily estimated by titrating with a 
standard solution of an acid (p. 256). As all ammonium 
salts are decomposed by sodium hydroxide, the quantity of 
any l^nown ammonium salt in a given sample (or solution) 
may be estimated by heating a weighed (or measured) quan¬ 
tity with excess of sodium hydroxide, passing the evolved 
ammonia into a known volume of standard acid, and then 
finding the excess of acid (the quantity which has not l)een 
neutralised) by' titrating with standard alkali. 

Example.. —0*35 g. of a sample of impure ammonium chloride 
was heated with excess of sodium hydroxide solution, and the 

N * N 

evolved gas passed into 100 c.c. of ~ sulphuric acid. 34*8 c.c. of — 

sodium hydroxide solution were required for neutralisation. Hence 
65*2 c.c. of acid had been neutralised by ammonia. 1 c.c. of 

yjj H 2 S0 4 =0*0049 g. H.jS 0 4 = 0*0017 g. NH 3 ; therefore the weight of 

NH 3 evolved was 65*2 ^ 0*0017 = 0*1108 g., and the percentage of 
ammonia in the salt 31*7. 

Nitrous Oxide. 

When ammonium nitrate is gently heated it first melts and 
then begins to effervesce, and finally disappears completely. 
If some of this salt* is cauHonxhj heated in a llask provided 
witli a delivery-liilie, a colourless (and therefore invisible) gas 
may be collected by displacement over hot water; it is rather 
readily soluble in cold water (its soluhilHy at 15° is 78), but, 

* Or a mixture of potassium nitrate and ammonium sulphate, whioh gives 
ammonium nitrate and potassium sulphate by double decomposition. 
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as is the case with all gases, its solubility diminished as the 
temperature of the solution rises. , 

The gas has a sweetish smell, ami if inhaled jn small quan¬ 
tities it causes a sensation of hilarity (for which reason it is 
sometimes called ‘laughing gas’); in larger quantities it pro¬ 
duces unconsciousness, and is used for tliis t purpose in dentistry 
and in small surgical operations. The gas does not burn. A 
glowing chip placed in it bursts into flame;* carbon and 
phosphorus also burn in it brightly, and it is easily proved 
that carbon dioxide and phosphorus pontoxido respectively 
are produced. It is obvious, therefore, that the gas contains 
either free or combined oxygen. 

Now free oxygen in a gaseous mixture can be detected with 
the aid of nitric oxide (p. 244). If some nitric oxid* is 
bubbled into some of the (air-free) gas obtained from am¬ 
monium nitrate ami confined over mercury or water, the red 
gas nitrogen tetroxide (p. 246) is not formed. The gas, 
therefore, is a compound of oxygen, and as it is formed from 
ammonium nitrate, (NH 4 )N0 3 , it may also contain combined 
nitrogen or hydrogen or both. 

When the gas, dried with calcium chloride, is passed over 
strongly heated iron, an oxide of the metal is formed and 
nitrogen is liberated (compare nitric oxide, p. 244); water is 
not produced, as is the case with nitric acid (p. 238). Hence 
the gas is a compound of nitrogen and oxygon, and is called 
nitrous oxide. Now the density of the gas is 22, and there¬ 
fore its molecular weight is 44 ; its molecular formula is thus 
found to be N„0, since 2x14+16 = 44. 

This conclusion may be confirmed by exploding nitrous 
oxide with hydrogen, when it is found that a mixture of 
1 volume of nitrous oxide and 1 volume of hydrogen gives 

* As a large proportion' of water vapour is formed, as well as the gas, on 
Seating ammonium nitrate, and as the gas collected over hot water con¬ 
tains so much aqueous vapour that it generally extinguishes a glowing chip, 
the samples used in these experiments may be dried with the aid of quiek- 
liinc (compare fig. 75, p. 262) and collected by tho upward displacement of 
lur (p. 261). 
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water (which condenses) and 1 volume of nitrogen. This 
result is expressed by the equation, 

K,0 + U 2 - N g + llgO 

1 vol. + 1 vol. = 1 vol., 

and could only be obtained with a compound of the 
molecular formula, N 2 0. The formation of nitrous oxide 
from ammonium nitrate is represented thus, 

(XH 4 )NO a = N a O + 2H a O. 


The different compounds of nitrogen and oxygen which 
have*now been described (pp. 240, 243, 24(5, 2(iS) ailbrd an 
excellent illustration of the law of multiple proportions. The 
analysis of these compounds shows that they have the 
following percentage compositions: 



N ill ous 

Nil in; Nitrogen 

Nif mgen 


(Klllc. 

Oxide. Tetroxule. 

Pentoxide. 

Nitrogen . 

. 63-7 

40*7 30-5 

20 0 

Oxygen . 

. 30 3 

33-3 0UT> 

74-0 

If now the weights of oxygen 

combined with a fixed 

weight of 

nitrogen, say 
are obtained, 

with 1 g., are 

calculated, the following values 

Nitrous 

Nitric Nitrogen 

Nitrogen 


Oxide. 

Oxide. Tulroxnle. 

Pentoxide. 

Nitrogen . 

. 1 

1 1 

1 

Oxygen 

. 0-37 

1*14 2*28 

2*85 


that is to sav, the weights of oxygen which comhino with a 
fixed weight of nitrogen are in the simple ratio, 1 :2 :4 :5; 
and these facts are expressed by the formulas, N J ), NO, 
Nj, 0 4 , and N 2 < ) a .+ 

The difference between a compound of nitrogen and oxygen 
and a mixture of nitrogen and oxygen, such as the air, is also 
emphasised l>y these data. In the former the elements are 

* Anbther oxide of nitrogen, N 2 0 3 , is known. 

f This is also clearly seen by considering the number of oxygen atoms 
which would be present in any weight of gas which contained 28 units or 
liffb atoms of nitrogen; the numbers would be 1, 2, 4, and 5 respectively* 
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present in simple ratios of tlieir atomic weights, which ve the 
case with all compounds, since they are formed hy the com¬ 
bination of indivisible atoms in fixed proportionin the case 
of air and other mixtures of elements there is no necessary 
relation between the relative weights of their components, 
which may bo present in any proportion. 


CHAPTER XXX. 

Acids Composed of Carbon, Hydrogen, 

and Oxygen. 

Carbonic Acid and its Salts. ' 

An aqueous solution of carbon dioxide has a sharp taste 
and turns'blue litmus a dull-red colour; it chemically dis¬ 
solves certain metals (magnesium, iron), giving hydrogen and 
a salt of the metal, and also neutralises basic hydroxides, such 
as calcium hydroxide and sodium hydroxide, forming salts 
(CaC<> 3 , NiijjCOj,). The examination of these salts shows 
that they are derived from an acid of the formula II 2 CO s , and 
it is therefore concluded that the aqueous solution of carbon 
dioxide contains a compound, which is culled carbonic 

acid, and which is formed by the combination of carbon 
dioxide and water, just as sulphurous acid, 1I 3 S()„ is formed 
from sulphur dioxide and water (p. 23 d); carbon dioxide, 
therefore, is also called carbonic anhydride (p. 233). 

Carbonic acid, like sulphurous acid, only exists in aqueous 
solution; when its solution is evaporated, the acid is decom¬ 
posed and cai;bonic anhydride escapes. Carbonic acid is 
dibasic (p. 254); many of its salts, which are called car¬ 
bonates, are of great importance. 

Normal calcium carbonate has already been described 
(p. 70) ; its formation from calcium hydroxide and carbonic 
acid is expressed by the equation, 

Ca(OH). 2 + Ii 2 C0 3 = CaC0 3 + 2H 2 0. 
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When it is strongly heated it decomposes (CaC0 3 
= CaO + CO.,), and when placed in hydrochloric, sulphuric, 
or nitric acid, it gives carbon dioxide, water, and a salt of the 
acid which is used, 

CaC0 3 + 2110 = CO, + H,0 + CaCl 2 
CaCQy +II ,80 ( — C( +1I 2 f 1 ■+■ CaS0 4 . 

When a little calcium carbonate is suspended in water, and 
carbon dioxide is bubbled through the suspension, the calcium 
carbonate slowly disappears; the normal salt and the acid 
act on one another, forming calcium hydrogen carbonate (a 
hydrogen salt), just as normal sodium sulphate and sulphuric 
acid*give sodium hydrogen sulphate (p. 258), 

CaCOg +11 ,COg = Ca(HO ) 3 ), 

NftjjS0 4 + H.,K() 4 = Na,(HK<)“), or 2XaHK0 4 . 

Calcium hydrogen carbonate (often called calcium bicar¬ 
bonate) is soluble in water, so that when a stream of carbon 
dioxide is passed tlirough lime-water, although msolnhle 
calcium carbonate is precipitated at first, tbe precipitate dis¬ 
appears again, as just stated, when tbe stream of gas is 
continued, owing to the formation of tins win hie calcium 
hydrogen carbonate. When a solution of this salt is boiled, 
tbe salt decomposes, carbon dioxide is evolved, and calcium 
carbonate is precipitated, 

Ca(iic< > 3 ) a - c< >, + ir,o + Ca( :o 3 . 

When lime-water is added to a solution of calcium hydrogen 
carbonate, the normal salt is formed (and precipitated), just 
as normal sodium sulphate is produced on adding sodium 
hydroxide to sodium hydrogen sulphate, 

Ca(HCO ;} ), + Ca(OU), - 2CaCO s + 2H 2 0 
NaHS0 4 + Xa( )II Xn a S0 4 + 11,0. 

Magnesium carbonate, MgC0 3 , is very similar to calcium, 
carbonate in most respects, and occurs in nature as mwjnenite; 
it is also contained in dolomite or magnesian limestone, u 
rock very* similar to limestone, but which is a mixture of 
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calcium and magnesium carbonates, often coloured by small 
quantities of iron compounds (p. 75). , • 

Magnesium hydrogen carbonate, Mg(HCO ;j ) 2 , is formed 
from tiie normal salt, MgC0 a + ir 2 C0 3 = Mg(H.C0 3 )o, and is 
very similar to calcium hydrogen carbonate in properties. 

Pilute aqueous solutions' of calcium hydrogen carbonate 
and of magnesium hydrogen carbonate occur in nature. 
’When rain and other natural waters which contain dissolved 
carbon dioxide (carbonic acid) come into contact with lime¬ 
stone, marble, chalk (or dolomite), calcium (or magnesium) 
hydrogen carbonate is formed and passes into solution. 
Sometimes the solution then runs to the roof of a case or 
iissui j in the rock, remains suspended for some time, gnd 
then drops; during its exposure to tlio air the solutidh 
evaporates, some of the soluble hydrogen carbonate is con¬ 
verted into the insoluble carbonate (carbon dioxide escaping), 
and this salt is deposited as an extremely thin layer on the 
roof and Hour of the cave. I Hiring countless ages a sort of 
ieiele of calcium carbonate is formed above, and a conical 
liill or pedestal rises to meet it below; these formations, often 
translucent and beautifully coloured, are known as stalactites 
and stalwjmile* respectively. 

The presence of the hydrogen carbonates of calcium and 
magnesium in natural waters greatly affects the behaviour of 
such waters when they are used for domestic and manufac¬ 
turing purposes; thus when such waters are boiled, they give 
a precipitate of the normal carbonate, part of which may 
adhere to the vessel, forming a stony layer or deposit (‘fur’ 
of kettles, boiler incrustations) which is a very had conductor 
of heat, and which may choke up connecting-pipes. Further 
details are given later (p. 280). 

Sodium carbonate, NuX’Ojp hns already been described ; it 
separates from water in hydrated efflorescent crystals (soda- 
crystals), Nn 2 COjp 10H a O, and although it is a normal salt, its 
solution lias an alkaline reaction to litmus. The anhydrous 
salt melts »ta bright-red heat, hut does not decompose. 

Inorg. n 

* 
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A solution of sodium carbonate is used in the preparation 
of other carbonates; thus with solutions of (ft) copper nitrate, ■ 
(b) calcium sulphate, and (c) calcium hydroxide, sodium ear* j 
bon ate gives a precipitate of copper carbonate or calcium 
carbonate as the case may be, 

(a) Cu(N() 3 y+ Na.,CO, - CuCO* + 2NaN0 3 (p. 45) 

(b) CttS0 4 + NooCO, - CaC0 3 + Na.,S0 4 

(c) Ca(01f). + Na a C0 3 = CaC0 a + 2Na0H (p. 78). 

In these double decompositions an insoluble carbonate is 
formed and precipitated (compare p. 149). 

Sodium carbonate is manufactured in large quantities from 
sodium chloride (common salt). In the Le Blanc process, 
■wjiibh was worked out by a French apothecary of that name, 
sodium chloride is first converted into sodium sulphate (salt- 
cake) by heating it with sulphuric acid, 

2N T aCl + H a S0 4 = Na,S0 4 + 2TIC1, 

and the hydrogen chloride wliich is evolved is dissolved in 
water, the solution forming commercial hydrochloric, acid. 

The sodium sulphate is then heated with coal-dust and 
crushed limestone in suitable furnaces, the final result of 
which is tlie formation of sodium carbonate, calcium sulphide, 
and carbon dioxide, 

Na,S0 4 + 2C "Safi + 2C0 2 
Na 2 S + CaCO.j - Xa,CO ;i + CaS. 

The black product (black-ash) is treated with water, which 
dissolves the sodium carbonate, leaving a residue (alkali-waste) 
of highly impure calcium sulphide ; the hot aqueous solution, 
after having been evaporated, gives crystals, Na/Jf),,, IT./), 
which are then heated to expel the water of crystallisation, * 
the dehydrated salt being sold ns soda-ash or calcined soda. 
If the crystals arc deposited at ordinary temperature soda-,, 
crystals are obtained.* These and other commercial pro- * 

* Many substances behave like Kn^C0 3 and take up different proportions , 

. of water Sf crystallisation at different temperatures, but under fixed con* -, 
ditionetfoe relative weights of the substance end of the w»ter,u» oonstant., 



CARBON, HYDROGEN, AND OXYGEN. 


275 


* ducts are often very impure owing to the reactions being 
incomplete, or to secondary reactions taking place, or fco 
contamination with iron and other materials jisod in the 
construction of the ’apparatus; thus commercial soda-asli 
obtained by this process usually contains only about 85 pel 
cent, of Na 2 00 3 . 

Jn the Solvay, or ammonia-soda, process for the manufac¬ 
ture of sodium carbonate, carbon dioxide is passed into a 
solution of sodium chloride containing ammonium hydroxide; 
sodium hydrogen carbonate, which is relatively sparingly 
soluble iu the so^iHon, is precipitated, 

NaCl + CO, + 2 nH_,(( >11) = Fu7IC< >, + KH 4 C1, . 

or CO, + NH/JII NH 4 HC( ).„ 
and NII 4 UCO. { + NnCi - KoHC0 3 + X]I 4 C1. 

This salt (sec below) is separated and is gently heated, 
whereupon it is converted into normal carbonate, water, and 
carbon dioxide ; the product is almost pure, 


2NaHCO s - JN T a,CO, +11,0 + CO,. 

Sodium carbonate is used in the manufacture of soap 
and glass, in the bleaching and dyeing industries, and in 
the manufacture of caustic soda (sodium hydroxide, p. 78). 
For the purpose last mentioned, the solution obtained by 
treating ‘black-ash* with water (p. 27-1) is heated with the 
right proportion of milk of lime ; calcium carbonate is formed, 
and after being allowed to settle, the clear caustic liquor is 
run off and then evaporated in iron pans. 

Sodium hydrogen carbonate, NallCO.., may lie prepared 
by passing carbon dioxide through chambers containing soda- 
crystals placed on gratings; the gas is slowly absorbed, giving. 
< the anhydrous hydrogen salt, water escaping, 

Na,CO.,, IOH.,0 + COo = 2NalIC0 8 + 9H,0. 

The solubility of this salt at 15° is about 9; its solution 
has a neutral reaction to litmus although it is a hydrogen 
ealt; the salt decomposes when its aqueous solution is boiled 
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or wlftin it is heated alone 1 , the normal salt being formed (see 
alcove). 

Sodium hydrogen carbonate mixed wilh some harmless 
vegetable acid such as tarlarie acid (p. 2tf2) is used in 
baking; the. carbon dioxide which is liberated when the 
mixture (baking powder) is (lamped or heated makes the 
dough porous. Similar mixtures, sweetened and flavoured, 
arc used in making effervescing drinks. 

Potassium carbonate, K.CO., is a salt, very similar to 
sodium carbonate in most respects. 1’otnssium com pounds 
occur in all plants, and tin* ash which 1 cumins when 
vegetable, matter is burnt is rich in potassium carbonate. 
At one time potassium carbonate, was obtained almost, 
entirely from wood allies; the ashes were treated with 
water and the solution boiled down in pots, Iho residue being 
known as 1 patoulm#* (hank* potashes arc vviy impure; the 
purified material is known commercially as /K'ttrf-dxh, and is 
used in making soft soap and caustic pota-h, KOll. Potas¬ 
sium carbonate is very soluble, in water (its solubility is 112 
at 20°), and although it is a normal salt, its aqueous solution 
is alkaline to litmus. 

Ammonium hydrogen carbonate, (NH^)liro., is formed 
when excels of carbon dioxide is passed into a solution of 
ammonium hydroxide, and is obtained in crystals when the 
solution is evaporated ; it. volatilises when it is healed. The 
* ammonium carbonate' of commerce is obtained by healing 
a mixture of ammonium chloride and calcium carbonate; 
the product, which sublimes, leaving a residue of calcium 
chloride, is a mixture of ammonium hydrogen carbonate and 
another ammonium salt (ammonium carbamate). 

The nonmil carbonates of most of the common metals are 
insoluble^in water, and are decomposed at relatively low 
temperatures (compare copper carbonate, p. 45), giving car¬ 
bon dioxide and an oxide of the metal. All carbonates are 
decomposed by acids just as is calcium carbonate, so that they 
are often used in making other salts. 
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Aoictic Acid. 

The liquid which is collected when wood is submitted to 
destructive distillation (p. 114) in iron retorts separates into 
two layers. The lower one is a black, Marry* mixture of 
many compounds, and is called wood creosote; it is used for 
preserving wood, as it prevents the growth of moulds, &e. 
The upper layer, a dark-brown, watery solution called pyro¬ 
ligneous acid, contains two important compounds, namely, 
drrfir uciif iinif methyl alcohol or wood-spirit (p. 127). 
When this aqueous solution is neutralised with milk 
of lime the acetic acid is converted into a salt, calcium 
(tc-fufc, -which is n<«t. volatile; on the liquid being then 
heated, the volatile methyl alcohol and water pass offend 
are condensed, a brown solid residue of calcium acetate re¬ 
maining in the retort. 

When calcium acetate is mixed with sulphuric acid, acetic 
acid and calcium sulphate, are formed, and the foimer, being 
volatile, can he separated from the latter by distillation. 
After other operations the crude acetic acid is cooled, and the 
crystals of the acid which are then formed aie separated from 
the molhei liquor, which contains water and other impurities. 

Acetic acid forms eohmrless crystals which melt at 16’7°; 
as it is hygroscopic and its melting-point is lowered by tlie 
presence of water (compare p. 10), it is seldom seen as a 
solid except in winter.* It is miscible with water, and its 
aqueous solution has a sour taste, turns blue litmus red, and 
chemically dissolves some metals, forming salts, hydrogen 
being liberated. 

The vapour of noetic, acid burns with a lion-luminous flame, 
water and carbon dioxide being formed. 

The percentage composit ion of acetic acid may bo found by 
burning a known weight of the pure compound exactly as 
described in the case of mi gar, and weighing the products of 

* Acetic acid which contains only a little water, ami which therefore 
freezes easily to on ice-like mass, is called tjlacutl acetic acid. 
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combustion; the results show that acetic acid contains 
40*0 per cent, of carbon, 6*66 per cent, of hydrogen, and 
. (by difference, p. 125) 53 3 per cant, of oxygen. dividing j 
those numbers by the atomic weights of the respective ’ 
elements and 1 hen simplifying the ratio, the empirical 
formula (p. 202) of acetic acid is found to be CH.,0, 

Carbon, 40 *00 4-12 = 3 *3.31 

Hydrogen, 0*66 — 1 — 6*60 .-and 3*33 : 6*66 : 3*33 as 1:2:1. 
Oxygen, 53*33 4-16 = 3*33 J 


How the density of acetic aeid vapour is found to be about 
30; therefore the molecular weight of the compound is 60, 
and ifcs molecular formula is f, (24 + 4 + 32). 

Allien aortic acid is treated with sodium carbonate, carbon 
dioxide is evolved, and milium acetal a is formed : after tbe 
solution has been concentrated, this salt separates in colour¬ 
less hydrated crystals, which are readily soluble in water. 

'Concentrated aqueous solutions of sodium acetate and silver 
nitrate mixed together give a colourless crystalline precipitate 
of silver acetate ; this salt is only sparingly soluble in cold 
water, with which it may be ‘washed.’ 

Silver acetate is decomposed when it is heated, giving 
gaseous products and a residue of silver; by beating a known 
weight of pure (dry) silver acetate and weighing the residue 
the percentage of silver may be determined. 

A complete analysis of silver acetate may be made in tlic 
same way as that of acetic acid, the residue of silver being 
also weighed; from the percentage results, which are given 
below (oxygen, by difference), the formula of silver acetate is 
found to be C 2 H ;j Ag( ) 2 or AgC a T[ 3 0. 2 , 


C =14*4- 12 = 1*2 and 1*2 4 (HU 2 
H --- 1*8— 1 =-1*8 and 1*84-0*6^3 

Ag -- 64*4 - 107 --0*6 and 0*6 4- 0*6 - 1 
O =19*3- 16-- 1-2 and 1*2-0*6 = 2. 


* ' 1 

Thi^ and many oilier facts show that although acetic acid :; 1 

lins^four atoms of hydrogen, only one of these atoms 
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displaced when the acid forms salts; acetic acid, therefore, 
is monobasic (p. 254). ^ 

The metallic salts of acetic acid, the acetates, are all soluble 
in water. Sodium acetate, NaC 2 H ;j 0 2 + 3H 2 0, and calcium 
acetate, Ca(C 2 H 3 0 2 ) 2 + 1I 2 0, may be prepared in the labora¬ 
tory by neutralising the aoid with the corresponding basic 
hydroxide, 

2Cy i 4 0 2 + Ca(OH) 2 - Ca(CJ-IX),), + 2H 2 0, 

or by treating the acid with the corresponding carbonate, 

2C.jJ^> 2 + Na./'O., = 2NnC,H.,0., + C0 2 +11,0. 

Lead acetate, Pb(C 2 lI 3 0,) 2 + 3H 2 0, is prepared by chemi¬ 
cally dissolving oxide of lead in acetic acid, 

PI >0 + 2ty l 4 (), = Pb(CJI/)o),> 4-1LO, 

and evaporating the solution ; it has a sweetish taste, and is 
commonly known as ‘ sugar of lead,' but, like all soluble lead 
salts, it is very poisonous. 

Vuiet/ar is water containing 4-10 per cent, of acetic acid 
and small (juantities of various other compounds which give 
it colour and aroma; it is prepared from weak wines and 
other liquids which contain alcohol (p. 126). 


Patty Acids and Soaps. 

Vegetable oils, such as .palm oil and cocoa-nut oil, and 
animal fat (lard, suet-fat) are insoluble in water, but when 
such oils ami fats are boiled with caustic soda solution, the 
compounds contained in them are decomposed, and a ‘ soapy * 
aqueous solution results. On adding salt (sodium chloride) 
to this aqueous solution, there is formed a curdy precipitate, 
which can be separated and pressed.* This product is ordi- 
r nary hard soap (which may be scented and coloured before it 
is sold). ~ 

When an acid is added to an aqueous solution of soap, ft . 

pasty or fatty mass separates, and it has been found that this 

r 

• * Soap is soluble in pure water, but not in .very salt water. T 
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material is a mixture of several acids, all of which, like acetic 
acid, are compounds of carbon, hydrogen, and oxygen. The 
principal acids which are- thus obtained from soap (and 
therefore from vegetable oils and fats) are palmitic and 
stearic acids (two compounds which am very like- fat in out¬ 
ward properties, and which am called fait ft arhh) and an oily 
liquid called oleic acid. A mixture- of these two fatty acids 
with a little paraffin wax is used for the manufacture of 
stearin candles, commonly called wax caudles. 

Ordinary hard soap consists principally of ajilamp mixture 
of the nO'liinu salts of palmitic, stearic, and oleic acids. Koft 
soap is a mixture of the pul as* i urn salts of these acids, and is 
prepared by heating oils and fats with potassium carbonate 
(jj.* 276 ) instead of with caustic soda or sodium carbonate. 

Hard and Soft Waters. 

When shavings of soap are vigorously shaken with distilled 
water for about a minute, an opalescent solution is obtained, 
and a great froth or lather, which remains for some minutes 
after shaking lias ceased, if now any aqueous solution of a 
calcium or magnesium salt is added, and the solution is again 
shaken, the lather breaks down, and an insoluble curdy scum 
is formed. The reason is that the soluble sodium salts of the 
palmitic, stearic, and oleic acids and the soluble calcium or 
magnesium salt act on one another, giving htsoltihlr calcium 
or magnesium salts of the three acids just named. This 
double decomposition may be exemplified thus, 

Sodium ^ calcium _ calcium sodium 
stearate sulphate stearate sulphate. 

Now with some kinds of natural waters soap behaves as 
it docs with distilled water, and gives a solution and a good' 
permanent lather, but no curd. Such waters are free from 
calcium and magnesium salts, and are called ‘ soft waters.' 
Many natural waters, however, contain one or more of the 
following saltai, 
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I. Calcium hydrogen carbonate, Ca(HC0 3 ) 2 ; magnesium 

hydrogen carbonate, Mg(HCO. { ) 2 ; • 

II. Calcium sulphate, Ca»S0 4 ; magnesium sulphate, MgS0 4 ; 

calcium chloride, CaCl, ; magnesium chloride, MgCl 2 i 
and all such waters give with soap curdy masses instead of a 
lather. Such are called ‘laird wafers.’ 

Hard waters, however, are different in behaviour according 
as they contain salts of group 1. or group II. The salts of 
group I. are decomposed when the water is boiled, and are 
precipitated as insoluble normal carbonates (p. 271), 

Ca(lI(J( >.<)., CaC< \ + C< >, + IT,(), 

9 

so that when the boiled water is run off from the deposit it is 
then quite soft, and gives a clear solution and a permanent 
lather with soap. Waters containing the salts of group I. 
have thus come to he called ‘temporarily hard’ waters, and 
their hardness is spoken of as ‘ temporary hardness.’ Such 
temporarily hard waters may also he softened by adding to 
them a quantity of milk of lime equivalent to (p. 176) the 
calcium hydrogen salt present. This salt a7i<l the calcium 
hydroxide are thus converted into and precipitated as in¬ 
soluble normal carbonate, and the water is then free from 
soluble calcium salts, 


Cafiin g , + Cu(OH),, - 2( :«u< > 3 + 211,0. 

Similarly with magnesium hydrogen carbonate, 

Mg(IIO(g, + Ca(OH), -= MgC<).. + CnC(>. 4 + 211,0. 

This process for softening temporarily hard waters is known 
as Clarke’s pjroSis. Unless such temporarily hard waters are 
softened, give rise to dense boiler incrustations when 

they are used for raising steam, and thus cause a great waste 
of fuel and the risk of boiler explosions. Waters containing 
salts of group II. arc not softened when they are Ik died, as 
these salts nro not converted into insoluble precipitates. Such 
waters are. called * permanently hard ’ waters. 

When a solution of sodium carbonate is added to a per- 
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manently hard water, tlio sulphates and chlorides of calcium 
alid magnesium arc precipitated as insoluble carbonates, 

• «CaS( ) 4 + Kn a CO, = Ca.C0 3 + 1 S t u.,S0 4 j 

MgCl, + Na,CO ; j = MgCO s + 2NaCl, V 

and, as the soluble sodium salts formed at tlio same time do ’ \ 
not act on soap, the clear water is soft. This is wiiy ‘wash¬ 
ing soda ’ is used for laundry-work, and for softening per-, 
manentlv hard waters for other purposes. When sodium 
carbonate is not used, the soap must be added until all the 
soluble calcium and magnesium salts have been converted 
into insoluble stearates (&c.) ; this leads to a waste of soap, 
and •the presence of the insoluble curd has also many dis¬ 
advantages. 

The hardness of a natural water is generally due to the. 
presence of salts of both the groups I. and il.; that is to say, 
the ‘hardness ’ is partly temporary, partly permanent. Such 
waters, however, may be softened by combining the two 
processes described above, and in other and belter ways. 

The ‘hardness’ of a water may be measured by finding ■ 
how much soap solution of a certain standard strength is 
required to produce a permanent lather when it is shaken 
with a given volume of the hard water. The * hardness * is 
then slated in certain mats which are called ‘degrees of * 
hardness.’ 

Tartaric acid. —Wine which has heen kept for some time 
often contains a coloured crystalline deposit (an/of), which ■ 
is sparingly soluble in eokl water and consists principally of 
potassium hydrogen tartrate. Tartaric acid is prepared from 
this salt. 

Tartaric acid forms colourless crystals, and melts at 167°, 

It decomposes when heated more strongly, giving a charred. ' 
(carbonaceous) mass, which hums away completely when it ■;< 
is heated in the air. The acid is readily soluble in water. ^ 
Its solution has a sour taste, turns blue litmus red, and 
composes carbonates, liberating carbon dioxide and for ming vy 
tartrates, 
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Tartaric acid has the formula C 4 H 0 O 6 , and is dibasic. Its 
normal potassium salt, K 2 C 4 H 4 0 (J , is readily soluble in watel, 
but its potassium lujd rayon salt , KC.JIqO,;, is oAly sparingly 
soluble. 

. Citric acid, another ‘ vegetable acid,’ occurs in and is 
obtained from lemon juice. It is a colourless, crystalline 
tnbasio acid, and lias the formula C,.ir 8 0 7 . 

Oxalic acid, C 2 U.,0 4 + 2U 2 0, occurs in certain plants 
(rhubarb, sorrel), and can be, prepared from sawdust Its 
crystals aro^ Mjife^ nd readily soluble in water, the solution 
showing the owiM^Sproperties of an acid; the acid is 
dibasic, and is very poisonous. * 

When oxalic acid is gently heated with sulphuric acid i4> is 
decomposed, giving carbon monoxide (p. 120), carbon dioxide, 
and water,* 

ColU) 4 -- CO + oo a + ir 2 o. 

The carbon dioxide may be absorbed by passing the mixed 
gases through wash-bottles containing sodium hydroxide 
solution, and the carbon monoxide, when dried, is obtained 
in a state of purity. 


CHAPTER XXXI. 

■ 

Oxidation and Reduction. 

Many naturally occurring compounds or mixtures (sugar, 
starch, coal, wood, <fcc.) undergo * combustion 7 in air or in 
oxygen; in all these cases the products of combustion are 
oxides. Most of the elements also combine with oxygen, often 
■with development of light and heat, giving the corresponding 
oxides. The frequent occurrence of such changes and their 
general importance led to the use of the term oxidation to 
express any change leading to the formation of an oxide, 

* The sidphurio acid is not decomposed, and therefore does not appear hi 
the ^nation. . f . „ , 
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Thus the rusting of iron, the. burning of coal-gas or of ‘petrol,’ 
the ‘decay’ of vegetable matter, the conversion of food in the 
body*into efuhon dioxide and oilier products, are processes 
of oxidation; the materials are said to be o.ro//x(.v/ } and the 
products are called ori'/afioji jn-mhtrh. 

Many metallic oxides may be brought back or reduced to 
the metal by heating them with coal, charcoal, or other 
materials containing carbon. The term mhirfiou was applied 
to processes of this kind in which oxygen was removed (in 
a combined form) from an oxide. Tims the conversion 
of copper oxide into copper (and n^ifer) with the aid of 
hydrogen is a processor reduction; the copper oxide, is said 
to i>C mlnn'i !, and the metal is the fednefinu firinhirt. 

Now some elements form two (or more) nnnpoimds with 
oxygen, in which case the one containing the smaller propor¬ 
tion of oxygen is called the hun'r oxide, the other the, higher 
oxide. Obviously the conversion of a lower into a higher 
oxide is a process of oxidation, and the reverse change 
a process of reduction. Thus carbon monoxide undergoes 
oxidation to earbon dioxide when it burns ; carbon dioxide is 
reduced to carbon monoxide when it is heated with carbon. 
Sulphur dioxide may he oxidised to sulphur trioxide; lead 
dioxide may be reduced to lead monoxide (p 17N). 

In the course of time the use of the term oxidation lias 
been extended to processes in which oxygen is not directly 
concerned ; the reason of this is as follows. A basic metallic 
oxide and an acid act on one another, forming n salt and 
water; the acid radicle takes the place of the oxygen of the 
metallic oxide, and the salt thus formed rorivsjtojif/n with or 
is derived from the oxide, 

1*1.0+ 21IC1 -PbCk + ILO 

CuO + 2IIN0, r. <;u(X( ),j, + H/). 

Hence the conversion of a metal into a salt either (ft) by first 
{orming the oxide and then acting with an acid, or (h) by 
'treating ihe metal directly with an acid, is a process of 
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‘oxidation ; * in fact, the combination of a metal with* any 
element except, hydrogen or other metals is a change which 
may Ik’s included under this heading. Thus the ^ombiiyition 
oi‘ iron with sulphur (Fe + S = l'eS) and of copper with 
chlorine ((hi 4- CL, - CuCh,) are oxidations, the noil-metallic 
elements being regarded as playing a park similar to that of 
oxygen. 

Tin* removal of such acid radicles or non-metal lie elements 
from a compound of a metal is consequently to be regarded as 
a process of reduction ; thus when silver chloride is heated in 
hydrogen it is reduced to silver. Any element or compound 
which oxidises another element or compound is termed an 
o.rith'.'simj lUjrnf: simiJaily, any element or compound which 
leduces another element, or compound is termed a rrthtring 
The commonest oxidising agent is oxygen, and many 
examples of its use havt* already been given. 

Chlorine is an oxidising agent. When t?n/ chlorine oxidises 
it docs so hy combining directly with the clement or com- 
pound which undergoes oxidation (see above) or hy withdraw¬ 
ing hydrogen from a compound ;* thus chlorine uj'ihsrs hydro¬ 
gen sulphide (Cl., 4- ]I.,N — 2HC1 4- ft), the chlorine itself being 
ivdiicwf to hydrogen ehlfnide. Chlorine also oxidises cuprous 
chloride, CuCl (which corresponds with the lower oxide 
Cu.,0, ]). 177), to cupric chloride. CuCL, (which corresponds 
with the higher oxide CuO). * 

Wed, chlorine- that is to sav, chlorine, and wafer —acts as 
an oxidising agent in a dillVrout manner; the chlorine slowly 
decomposes the water, foiming hydrogen chloride and a com¬ 
pound called hijfHichlorotii* tirid y 

CL + 1LO 11C1 + HC10, 

and the latter then acts as an oxidising agent, giving up 


*■ loir various reasons which need not be given here, hydrogen is con¬ 
sidered to he a metal, or so like the metals that it may he classed with 
them, 'rites removal of hydrogen'from a compound is thus considered to ho 
a process of oxidation, whereas the combination of hydrogen with„ an 
element or compound is a reduction. 
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oxygen and forming hydrogen chloride. The bleaching action 
af chlorine in presence of water (dry chlorine does not bleach) 
is tlyis due, to the o.ridafion of the coloured compounds and 
their conversion into colourless ones by combination with 
oxytjm and not with chlorine. 

Blenching powder, prepared by absorbing chlorine in dry 
slaked lime, contains a compound of calcium, oxygon, and 
chlorine, which is a powerful oxidising agent. In bleaching 
on the large scale, the fabric is passed through or immersed 
in a solution of bleaching powder, and is then washed with 
water; or, before washing with water, it is exposed to the air 
or passed through chambers cmihiining carbonic acid, which 
liberates hypoolilorous acid from the bleaching powder. 

• Manganese dioxide, Midi,, acts as an oxidising agent when 
it is warmed with h}-drochloiic acid, as in the preparation of 
chlorine (p. 140), 

M 11 O, + 411 Cl =- MnCI, + Ch+2Ih,0; 

the salt manganese chloride, MnC^j which is formed in this 
reaction corresponds with or is derived from the lower oxide, 
manganous oxide, Mid >, since 

MnO + 2HC1 = MnCl 2 + H/>. 

Nitric acid is another important oxidising agent, as it 
readily acts on many substances, giving them oxygen, and 
being itself reduced to uilrous and , IIN< > 2 (p. 247), or to one of 
the oxides of nitrogen (compare its action on copper, p. 245, 
and tin, p. 210). Thus when hydrogen sulphide is passed 
into excess of nitric acid, sulphur is deposited, the hydrogen 
sulphide being hrst oxidised to sulphur;* on beating, the 
sulphur is oxidised to sulphur trioxide and sulphuric acid is 
formed. "When sulphur dioxide is passed into nitric acid it 
is rapidly oxidised to sulphur trioxide (which in presence of- 
water gives sulphuric acid), and nitrous acid is formed by. 
reduction, 

S0 2 + HjO + HNO.j = H 2 S0 4 + UNO* 

* See footnote, preceding page. 
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This oxidising action of nitric acid is made use of 'com¬ 
mercially in the manufacture of sulphuric acid by the *leaden 
chamber process, 1 Into chambers constructed *f sheet-lead 
(a metal which is very slowly attacked by sulphuric acid) 
steam, air, and sulphur dioxide arc passed in constant streams, 
also a little nitric acid vapour. The sulphur dioxide is 
generally obtained by burning (or roasting) iron pyrites, 
FeS 2 , in the air (p. 229); sulphur dioxide and ferric oxide, 
Fe 2 O a , arc thus formed, 

4.KoSo +110., =-- 8S0, + 2Fe,0... 

Now although sulphur dioxide and sulphurous acid do not 
combine with free oxygen except extremely slowly (p. 231), 
they do so rapidly when they are mixed with it in presence 
of a relatively very small quantity of nitric acid. The first 
action of the nitric acid is to oxidise the sulphur dioxide to 
the trioxide (or the sulphurous to sulphuric acid); in this 
process the nitric, acid is reduced first to nitrous acid (p. 28G), 
and then to nitric oxide (p. 243), 

211N0,+ so 2 « ir,sn 4 + 2x0. 

Now nitric oxide combines with atmospheric oxygen to 
form nitrogen tetroxidfc (p. 240), and nitrogen tetroxide 
oxidises sulphur dioxide, being itself reduced to nitric oxide 
again, 

2N0 + 0.,-N«0 4 
N.,0 4 + 2SO a r r 2N()“ + 2SOg; 


hence there is a continuous oxidation of the sulphur dioxide 
to sulphur trioxide (which in presence of water forms sul¬ 
phuric acid), and the oxygen which is fixed in this process 
is atmospheric, oxygen. The nitric oxide which really brings 
about this change is not used up, and provided it is not 
allowed to leave the chamber with the atmospheric nitrogen, 
a small quantity of this gas may serve for the preparation of 
an unlimited quantity of sulphuric acid. In practice there 
is some loss, so that small quantities of fresh nitric acid 
vapour must be supplied from time to time. 
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Tlie gas nitric oxide here plays a part similar to that of the 
catalytic agent platinum, which is used in making sulphuric 
acid J>y tin* contact process (p. 232); it accelerates the 
combination of sulphur dioxide, and oxygen, and is itself 
unchanged at the end. of the process. There is, however, 
a difference between the two eases. 'Willi the platinum, 
there is no evidence that the metal combines with the oxygen 
and then gives it up again to the sulphur dioxide ; it may do 
so, and probably does ; but if so, the fact has not been estali- 
lishcd. It is quite possible that in all cases of catalysis the 
catalytic agent is chemically changed, forming a substance, 
very •unstable under the given conditions, which decomposes 
or /lets on another substance present, giving the observed 
pfoduct. 

The most important reducing agents at high temperatures 
are carbon, carbon monoxide, and hydrogen. When the 
oxides of iron, lead, copper, tin, or zinc are hailed with one 
of tlieso reducing agents, the metal is obtained and an oxide 
of carbon, or water, as the case may be, is formed.* On the 
large scale these metals arc prepared from their oxides by 
heating the latter with coke, charcoal, or coal. In these 
processes the carbon of the fuel may act directly end undergo 
oxidation to carbon monoxide, or it may he first burnt to 
carbon monoxide by admitting a limited supply of atmospheric 
oxygen (p. 132), in which case the carbon monoxide thus 
formed is the active reducing agent. Thus in preparing zinc 
the change takes place in absence of air, and may be expressed 

thus ’ ZnO + C = Zn + CO; 

whereas in the case of iron a blast of air is sent through the 
furnace, and it is the carbon monoxide produced from the fuel 
which then reduces the oxide of iron, 

C + O., = CO.,; CO„ + C = 2CO 
Fe 2 0 8 + 3C< > = 2 Ko“ + 30<).. 

v A very high temperature in required to bring about some of thaw 
changes. 
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Hydrocarbons (p. 125), and, in fact, nearly all carbon 
compounds,* are also reducing agents at high temperatures,' 
since they combine with oxygen, giving carbon dioxide and 
water. 

A study of the examples given above shows that nearly all 
the reactions which have been taken to illustrate oxidation 
might equally well be chosen to illustrate reduction , and 
nice remit. When an oxidising agent oxidises, it is iteelf 
reduced. Chlorine is reduced to hydrogen chloride by hydrogen 
sulphide; nitric acid is reduced iirst to nitrous acid and then 
to nitric oxide by sulphur dioxide; lienee hydrogen sulphide 
and sulphur dioxide are reducing agents. • 

When a reducing agent reduces, it is itself oxidised. 
Carbon, carbon monoxide, and hydrogen are oxidised by 
certain metallic oxides at high temperatures. Some sub¬ 
stances act as oxidising or as reducing agents according to 
the element or compound on which they act; thus sulphur 
dioxide reduces nitric acid, but in presence of water, it oxidises 
hydrogen sulphide to sulphur and water, 

SO, + 2H,S = 2H 5i O + 3S > 

and is itself reduced to sulphur. 

When sulphur dioxido (in presence of water) and sulphurous 
acid are used as bleaching agents, they either reduce the 
coloured substance by supplying hydrogen, or they combine 
with it; if the funner, the hydrogen is obtained from the 
water present by the combined action ef the sulphurous acid 
and the coloured substance, while the acid is oxidised to 
sulphuric acid. 
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CHAPTER XXXIL 


The Principal Components of the 
•Earth’s Crust. 

f 

The bare rocks which are exposed to view in different parts . 
of this and other countries are often very different from oue, 
another in appearance and in other properties. They may 
consist of granite, as at Land’a End; of chalk, as at Dover; 
of sandstone, as in many parts of Devonshire; of slate, as in 
inapy parts of Wales; and so on. These and very many other . 
varieties of ‘rock’ are classed into two groups: (a) the 
igneous and (/>) the sedimentary rocks. 

The igneous rocks, such as granite, basalt, porphyry, &c., . 
were at one time in a molten state, and slowly solidified // 
during the cooling of the earth’s crust, or have been thrown 
up in more recent times by vulcanic action. They are com- " 
posed principally of oxides of the (dements silicon, aluminium, 
..calcium, magnesium, iron, sodium, ami potassium, and these-., 
oxides are either mixed or combined with one another in V 
various proportions, the products of their combination being V’ 
salts. Thus in a sample of granite, so called because of its - 
grained structure, distinct crystals of felspar, quartz, and 
mica may generally be -recognised; the crystals may be ; 
silvery-white or transparent, or may he coloured red or f- 
..yellow, or darkened, by the presence of small quantities of . 

, compounds of iron and other metals. , f ^ 

. / Felspar, of which there are many varieties, is composed ' ;; 
of the oxides of silicon, aluminium, and potassium or sodium 
(or calcium). The oxide of silicon, known as silica (p. 29$)y 
isan acid-forming oxide, and it combines with the basic oxide/# 
of aluminium (alumina), forming the salt aluminium silrcatfy^ 
Silica also combines with the basic oxides of calciumS% 


m^giesijui, potassium, and sodium, forming silicates of 
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respective metals. Felspar consists principally of alurrfimum . 
silicate mixed with potassium silicate (forming ortlioclase)^ r 
Avitli sodium silicate (forming albil»). m 

Mira, like felspar,’is a mixtiire of different compounds; it, 
consists principally of aluminium silicate, hut contains also . 
potassium silicate and other substances. 

Although granite and other igneous rocks are extremely, 
hard aud durable, they are very slowly acted on by air and 
by'natural Avater (both of Avhich contain carbonic acid), 
and in the course of ages this action results in the breaking 
up or disintegration of the rock material.* The silicates of 
potassium aud sodium contained in the felspar or mi^a are 
dissolved. The aluminium silicate and the quartz are both 
insoluble in Avater, hut the former may he carried aAvay 
as a fine poAvder by running water and deposited again 
in beds, Avhich form the material knoAvn as ring. When 
this aluminium silicate is fairly pure it is white, aud 
is knoAvn as kaolin or china-clay; it is generally coloured r 
Avith iron compounds, and such impure clay, Avhen ‘burnt’ 
(strongly heated in a kiln), loses Avater and becomes very ■" 
hard, and is used for making bricks, tiles, and other coarse 
earthenware. Pure kaolin or china-clay is utilised in the " 
manufacture of porcelain ami the more expensive varieties 
of ‘china,’ for Avhich purpose it is heated Avifcli suitable . 
proportions of felspar and quartz. 

The coarser particles of quartz (silica), resulting from the 
disintegration of igneous rocks, may also he washed away by ; 
running Avater, and in the course of time, although so hard,, 
they become smooth and rounded. Beds or deposits of this \ 
material form ordinary sand. Sand which has been lpng^ 
exposed to the action of water, such as some sea-sands, •] 
consists of almost pure silica, all the felspar, mica, and other ft 
compounds having "been disintegrated and washed away, ’’, 
Ordinary sand, however, contains unchanged fragments offf- 
these rock components, and is often coloured red or yellow?4 
* This process is known as ‘ weathering.’ ’ 
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by iron compounds. Layers of impure sand, containing clay, 
&e., which have been submitted to great pressure give rise 
to sandstone,* layers of clay which have been compressed give 
rise to slates and shales, the latter often containing vegetable 
matter of the nature of coal. 

The sedimentary rocks are those, such as sandstone, clay, 
slate, &e., which have been formed from igneous rocks in the 
manner indicated; those, such as limestone, marble, chalk, 
and coral (p. 74), which have been formed from animal 
remains; and those, such as coal and anthracite, which have 
been formed from vegetable matter. 

Silicon dioxide or silica, Sit is the most important com¬ 
ponent of the earth’s crust, where it occurs not only in the 
frde state, but also combined with aluminium oxide or with 
other basic oxides; igneous locks contain 20-.‘if> per cent, of 
silica (free and combined). Silica is often found in pure, 
transparent, colourless crystals (quartz or rorl'-crystat ), but 
sometimes the crystals are opaque (milk quartz) or coloured by 
traces of other compounds (rose quartz, smoky quartz). It also 
occurs in the animal kingdom in siliceous sponges; in the. 
vegetable kingdom it is found in the; 1 straw * of cereals, in the 
stem of the bamboo, and in the skeletons of the <Uatouiace<e. 

Just us from the remains of some organisms beds of calcium car¬ 
bonate have been formed, so from the remains of diatomace;c, beds 
of very line silica have been produced. Such deposits occur, for 
example, in (ieiinanv; and the material, known as Jcirselyuhr , is 
used as an absorbent for iiilro-glyeerine (the mixture is dynamite) 
and for filtering and other purposes. 

Flint is an amorphous variety of slightly impure silica. 

When sand or any other sample of impure silica (or any 
compound of silica) is mixed with about four times its weight 
of anhydrous sodium carbonate, and the mixture is strongly 
heated in a platinum crucible with the blowpipe flame, the 
sodium carbonate melts and the silica slowly dissolves chemi¬ 
cally in ihe melted mass, liberating carbon dioxide ; when the 
product lb then allowed to cool and afterwards boiled with 
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water, sodium silicate dissolves, and any other metals (except 
potassium and aluminium) which were originally present iif a 
combined form remain as insoluble carbonates or»oxides# The 
acid-forming oxide, silica, decomposes sodium carbonate at 
high temperatures, giving the salt, sodium (meta) silicate, 
Nn 2 C0 3 + SiO, - Na,Ki<>., + CO,. 

When the filtered solution containing sodium (meta) silicate 
is mixed with excess of hydrochloric acid and boiled, a colour- 
less gelatinous precipitate, of metasilicic acid is formed, 
NogSi( ). 5 -K 21101 == H 2 SiO a + 2NaCl. 


This acid is insoluble in water, but dissolves chemically in a 
solution of sodium hydroxide, forming the soluble sodium 
salt. It is a dibasic acid. • 

When the gelatinous precipitate of metasilicic acid is 
separated by filtration, washed well, and then heated, it is 
decomposed into water and pure silica , which is obtained as a 
white amorphous powder. 

Silica is extremely hard, melts only at a very high tempera¬ 
ture, and is insoluble in water and in the ordinary acids. It 
is used for the manufacture of tubes, basins, Ac. for use in 
chemical laboratories, *as it resists the action of chemicals 
heller than does glass, and does not crack when it is suddenly 
heated or cooled. Although such an inert substance, it is 
proved to he an acid-forming* oxide (or anhydride) by the fact 
that it forms sodium silicate. Silica also combines with 
other basic oxides, forming salts ; but all such silicates are 
insoluble in water, except those of sodium and potassium. 

Ordinary (/lass is manufactured by strongly heating sand 
(crude silica) with a suitable proportion of a mixture of 
sodium carbonate and calcium carbonate. These carbonates 
are decomposed, with Liberation of carbon dioxide, 


. CaCl ) a + SiO, - ('aSi0 3 + CO,, 
and a mixture of sodium and calcium silicates, containing 
excess of silica, is formed. If the sand employed contains 
certain impurities (such as iron compounds) the glass may be 
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coloured (green), and if a coloured glass is required the desired * 
festilt is attained by adding the oxide of some metal to the. ( 
abovd mixture. ■[ 

, The temperature at which ordinary glass softens depends --\ 
very much on the proportion of silica it contains; soft or 
more easily fusible soda-glass contaijis a smaller proportion of 
silica than the Imrd or less fusible varieties. Flint (floss is 
made by heating silica with sodium carbonate and lead oxide; ■ 
it has a greater refractive power for light than ordinary glass, 
and is more easily fusible. 

The element silicon, Si, is obtained when finely divided 
silkaf and magnesium are heated together, a violent reaction 
taking place, 

* “ Si0 2 + 2Mg = Si + 2MgO. 

When the product is treated with dilute hydrochloric acid 
the magnesium oxide, is converted into soluble magnesium 
chloride, leaving (impure) silicon as a brown powder, which., 
takes fire and burns when it is heated in the air, giving silica. 

' Aluminium oxide or alumina, Al/) 3 , occurs in nature in ■ 
various forms, and is very abundant. The ruby and the 
sapphire are crystalline varieties of alumina, coloured by 
traces of other compounds ; corundum, a material almost as 
hard as diamond, also consists principally of alumina; while \ 
emery is a mixture of alumina and oxide of iron. 

Alumina occurs combined with silica, as aluminium silicate, , 
in felspar, mica, kaolin, and in ordinary clay (pp. 290, 291). 
When clay is heated with sulphuric acid the aluminium - 
silicate is decomposed, silica separates, and al uminium sul¬ 
phate, Ab,(S0 4 ) ;! , passes into solution; on the solution being" : 
evaporated, this salt is obtained in crystals. 

When potassium sulphate is dissolved in a hot solution of 
^aluminium sulphate in suitable proportions, and the solution!* 
it evaporated if necessary and allowed to cool, colourless oota*;?', 
hedral crystals of potash alum are deposited. These crystals^ 
■..contain one molecule of aluminium sulphate and one moleteulo^f 
vf potassium sulphate crystallised together with tWenty-fouit^ 
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molecule's of water, and their composition is expressed by the 
formula, Ak,(S0 4 ) 3 , K 2 S0 4 , 24H 2 0. Potash alum" is an im¬ 
portant commercial article, used in dyeing and for othes pur¬ 
poses. Soda alum, A1 2 (S0 4 ) 3 , Xa 2 S0 4 , 24H a O; ammonia, 
alum, Al 2 (80 4 ) 3 , (NII 4 ) 2 S0 4 + 2411 2 0 ; and other ‘alums/, 
may be prepared in a similar manner,* using sodium or 
ammonium sulphate in the place of potassium sulphate. All 
tlmso alums are readily soluble in hot, but only sparingly 
soluble in cold, water, so that they are easily purified by re¬ 
crystallisation ; they all crystallise in octahedra. 

A salt, such as one of the alums, which is a crystalline 
mixture of two salts is called a double wit. Many either 
double salts are known. m 

When ammonium hydroxide is added to a solution “of, 
aluminium sulphate or of any alum, a colourless, llocculent 
precipitate of aluminium hydroxide is formed, and ammonium, 
sulphate remains in solution, 

A1,,(S<) 4 ) 3 + Gx\H 4 (01I) - 2A1<0H) 3 + 3(NII 4 ) ;i S0 4 . 


This hydroxide is insoluble in water, hut dissolves chemically 
in hydrochloric and in sulphuric aeid, forming aluminium 
salts; it is, therefore,, a basic hydroxide. But aluminium 
hydroxide also dissolves chemically in a solution of sodium 
hydroxide, giving a soluble salt, sodium aluminate ; in this 
case, therefore, aluminium hydroxide behaves like an acid 
hydroxide or acid. 

Aluminium hydroxide is decomposed when it is heated, 
giving water and aluminium oxide, an amorphous powder 
insoluble in most acids, 

2 Al(OH) 8 = Alo0 3 + SHoO. 

When this oxide is strongly heated with carbon (in an electric 
furnace, p. 299) the oxide is reduced and the metal aluminium, 
is obtained, 

Al 2 O a + 3C ~ 2A1 + 300. ' 

The metal derives its name from ‘alum/which was known 
long beforetho metal was discovered. 
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CHAPTER XXXIII. 


The Use of Electricity in bringing 
about Chemical Change. 


When zinc is placed in dilute sulphuric acid, the metal 
dissolves chemically, hydrogen is evolved at the surface of 
the metal, and zinc sulphate passes into solution.'*' A de¬ 
velopment of heat also occurs, and the quantity of heat 
generated during the conversion of a fixed weight of the 
metal into its sulphate under fixed conditions is constant 


(p. 135). 

Copper, silver, and platinum are not acted on hy dilute 
sulphuric acid, hut when a piece of zinc is placed in direct 
contact with a piece of copper, silver, or platinum, and the 
two different metals are then immersed in dilute sulphuric 
acid, a very interesting result is observed. The zinc dis¬ 
solves chemically, forming zinc sulphate, and hydrogen is 
evolved, buf this gas is only liberated at the surface of the 
copper, silver, or platinum, while the metal from which it 
rises remains chemically unchaiir/ctl .f The same results are 
observed when the two different metals, instead of being 
placed in contact, are separated from one another in the acid, 
hilt are connected together hy a wire (say of copper) which 
remains outside the liquid, as shown in fig. 76. Further, the 
wire which thus connects the two different metals acquires 
totally new properties; not only does its temperature rise,J 


* Pure zinc is only very slowly attacked by dilute sulphuric acid. 

+ Pure zinc is employed in this experiment; when the impure metal is 
used some hydrogen is also evolved from the surface of the zinc. Pure 
zinc is readily attacked by dilute sulphuric acid when it is in contact with 
a piece of platinum or copper, or when a little copper sulphate is added 
with th<> .*cid ; in the latter case copper is deposited on the zinc (p. 175 ). 

X The rfse in temperature may be very small unless the plates of <uefcal 
arc large. 
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hut it lias also the power of deflecting a magnetic needle 
brought near to it. A current of electricity is said to pass 
through the wire from one metal to the oth^r, and, also 
through the solution, and this electric current continues as 
long as the zinc is being transformed into its sulphate. 

In the arrangement just 'described the chemical energy of 
the original system (p. 136) is not transformed directly into 
heat alone, but partly into heat 
and partly into electrical energy. 

The apparatus (fig. 76) by 
means of which this transforma¬ 
tion is brought about is called 
an electric hattcry (also a voltaic 
or galvanic battery, or cell, or p lAT , NUM 
couple); Any two different metals, 
placed in any liquid which chemi¬ 
cally attacks at least one of them, Fig. 76. 

and connected together outside 

the liquid by some conductor , may constitute a battery, pro- 
vided that the liquid also is a conductor of electricity. 

The term conductor is applied to those materials, such as 
metals, alloys (p. 35), and graphite (p. 118), which offer com¬ 
paratively little resistance to the passage of the electric 
current; other materials, such as lime, sulphur, glass, shellac, 
and air, which offer great resistance to its passage, are 
termed non-conductors or insulators. There is, however, no 
sharp boundary line between the two classes; graphite, for 
example, is a bad conductor compared with copper, but a 
very good conductor compared with sulphur. 

The pieces of metal used in a battery are termed the 
electrodes or /mfes; the electric current may be supposed to 
pass from one of the electrodes, which is called the }njsitive 
(+) electrode, along the wire to the other, the ncyatice ( — ) 
electrode flig. 76), and then through the solution ; the com¬ 
plete course taken by the electric current through the con¬ 
ducting materials is termed the circuit. 
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A current of electricity may be generated in other ways,, 
By the combustion of coal or other fuels chemical energy 'may 
he first transformed into heat, and this form of energy j 
may be used for driving a steam or gas engine; the latter \ 
may then be employed for driving a dymmo , a machine . J 
iti which mechanical work is transformed into electrical 
energy; a dynamo may also be driven by machinery worked 
by water-power. l*y such means large supplies of electrical . * 
energy may be cheaply obtained. 

Electrical energy may be again transformed into heat, light, 
chemical energy, (Vc. Wheat an electric current is passed 
through a material which oilers great resistance, and which 
is,then said to be a bad earn due tor, electrical energy is trails' 
formed into beat. This occurs even if tin* material is a good 
conductor when its cross section is suilicieutly small and the 
current is sufficiently powerful; the ti lament of carl ton, tan¬ 
talum, &e. in the incandescent electric lump is thus raised to 
a white-heat by means of clcetiical energy. 

Electrical energy may also lie transformed into beat and 
light in another but similar manner. When an electric 
circuit is broken, say by cutting the wire through which the 
current is flowing, and the two cuds of the wire are moved 
a short distance apart, a series of * njiarl'Hy or a continuous , 
luminous cur, passes between these two ends or terminal*, *' 
provided that the current is sufficiently powerful. The arc 
light is produced in this manner between terminals which ' 

.. usually consist of graphite. 

Electrical energy is very often used lo bring about chemical * 
-change. For some purposes it is directly transformed into, 
heat; that is to say, an electric current is simply used as a ,, 
r convenient means of producing a high temperature. Examples ^ 
of this use have already been given. When electric sparks#^ 
are passed between the platinum terminals of a eudiometery 
containing a mixture of oxygen and hydrogen, the gases'^ • 
combing j(|>. 189), just as they would do if a red-hot. trirey :, 
were placed in the mixture. Similarly, in t^e, -* 4 . 
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of hydrogen sulphide (p. 217), air (p. 247), and ammonia 
(p. 264), the effect produced is due to lu j at and not to any*, 
electrical action ; a small proportion of the gas is momentarily 
raised to a very high temperature, and then, as it diffuses to 
another part of the tube, is suddenly cooled again. 

The combination of nitrogen and oxygen, which is now 
brought about on a manufacturing scale hy passing air through 
a large electric arc, lirst gives nitric oxide (p. 243). As this 
gas is decomposed at temperatures above 1200°, the air 
(which contains about 2 per cent, of this product) is rapidly 
cooled, and the nitric oxide then combines with, more 
atmospheric oxygen, forming nitrogen tetroxide (p. 246). 
The tetroxide is led through an absorption tower, doyn 
which water is trickling, whereupon nitric acid is produced, 
together with nitric oxide, 

ZX.Pi + 21U) - 411X0. + 2X0. 


The nitric oxide thus formed combines with atmospheric 
oxygen, giving the tetroxide, which goes through the same 
absorption process as before. 

The Electric Furnace. —When the current, from a powerful 
dynamo (p. 298) is caused to form an arc between graphite 
terminals, enclosed in 
some fire-resisting (re¬ 
fractory) material which 
is also a poor conductor 
of heat—as, for example, 
quicklime—a tempera¬ 
ture (3000°) far higher than any which can he reached by, 
processes of combustion or other chemical changes may be 
attained. The apparatus used for this purpose is called 
the electric furnace, and one form of it is shown in fig. 77. ] 
It consists of two closely fitting slabs of quicklime, which',, 
are hollowed out, so that they enclose a small chamber, and ; 
also tubular spaces for the insertion of the graphite terminals. 
The material to be heated is placed iu the chamber, belo$\ 
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thS are, and the current is led to the graphito terminals by 
.meaus of stout copper wires. 

instead,of forming an are between the two terminals, the j 
latter may be placed much further apart in a large chamber, * 
and the space between and around them may bo tilled by the ' 
material which is to be heated, if the latter is a sufficiently bad 
conductor of electricity; on the current being passed, the 
material oilers so much resistance that it becomes raised to 
a very high temperature, just as does the filament ill an 
incandescent electric lain]). 

The electric furnace is employed in the manufacture of 
phosphorus, aluminium, calcium carbide, carborundum, Ac., 
and is principally worked in places where water-power is 
livailahle. 

Electrical energy is also employed in the form of the ‘ atlent * 
or dark flixchanje in bringing about chemical change. The 
apparatus often used for this purpose consists of two con¬ 
centric glass tubes, the larger of which is 
covered on the outside, while the smaller 
is coated on the inside with tinfoil, as 
shown in fig. 78. When the two metal 
surfaces (a, a) are connected with the 
terminals of an induction coil, through 
Fig. 78. which the current is passing, electrical 

discharge lakes place quietly between the 
two glass surfaces, and a gas or vapour passing through the 
annular space between them may be chemically changed. 

Electrolysis. —Aqueous solutions of different substances 
show a great difference in behaviour towards u current of 
electricity. If each of the electrodes of a suitable battery 
is connected by a conducting wire to a piece of platinum, 
and these two pieces of platinum (which may now them-* 
selves he regarded as the electrodes) are then immersed a 
short distance apart in a vessel of water, no visible 

result is observed, and with the aid of a suitable electrical 
instrument (a galvanometer) it cun be shown that the electric 
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current does not pass. If, instead of water, the vessel con¬ 
tains an aqueous solution of sugar, again the current does not 
pass; hut if the vessel contains an aqueous solution of some 
acid, basic hydroxide, 6r salt, not only does the current pass, 
but its passage is accompanied by the occurrence of chemical 
change. 

Substances such as acids, basic hydroxides, and salts, 
aqueous solutions of which conduct electricity, are termed 
ehirtrohjtp^ and the chemical change produced in such solu¬ 
tions by the current is termed electrolynia (Faraday). Sub-* 1 
stances such os cane-sugar, aqueous solutions of which do not 
conduct electricity, am termed non-rlcrtroh/tes. 

When a concentrated aqueous solution of hydrogen chloride 
is placed in a voltameter (fig. 43, p. 108) and an electfy: 
current of sullicient strength is passed, hubbies of chlorine 
rise from the positive electrode * (that which is connected 
with the positive pole of the battery) and bubbles of hydrogen 
rise from the negative electrode, but there is no evolution 
of gas except at the surface of the electrodes. The electrical 
energy is thus partly changed into chemical energy, the 
chemical energy of hydrogen chloride being far less than 
that of the system into which it is decomposed (p. 13C). 
As pure water docs not conduct electricity appreciably, 
whereas an aqueous solution of hydrogen chloride does fo, 
giving hydrogen and chlorine, it may he concluded that 
it is the electrolyte which carries the electricity, and 
that in doing so its decomposition (electrolysis) is brought 
about. 

Although in the electrolysis of hydrochloric acid equal 
volumes of hydrogen and of chlorine are set free, the volume 
of hydrogen which collects above the negative electrode is 

* The electrodes—that is to say, the surfaces from which the current 
enters and loaves the solution—are not mado of platinum as are those 
(<*, c, fig. 43, p. 108) in the voltameter previously described, because 
platinum is attacked by chlorine; they consist of graphite rods which 
pass through the india-rubber stoppers (</, cf), end are connected with the 
poles of the battery l»y means of wires, 
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greater ^than that of the chlorine in tKo other limt) of flie 
.voltameter. This is principally due, at first, to the solubility 
of chlorine being much greater than that of hydrogen, but 
oveti when "the solution around and above the positive elec¬ 
trode is become saturated with chlorine, the volumes of the 
gases actually collected are not equal; this is because the 
pressure in the voltameter steadily rises, the solution becomes 5 
' unsaturated (Henry's law, p. 16-1), and for any given increase 
in pressure the volume of the chlorine which dissolves is very 
*mueh greater than that of the hydrogen/ 

The electrolysis of a dilute aqueous solution of sulphuric 
acid (hydrogen sulphate) results in the liberation of oxygen 
at flic positive electrode and hydrogen at the. negative elec¬ 
trode (p. 108), the relative volumes of these gases being as 
1 :2. This fact seems to show that tlie water has been 
decomposed directly, and it can he proved experimentally 
that the sulphuric, acid in the solution may he recovered 
unchanged, however long electrolysis is continued. Never- 
, tbele'js it is concluded, for reasons which will bo given - 
later, that the hydrogen sulphate, like the hydrogen chloride 
in the preceding case, is really decomposed; that hydro- 
,gen is liberated at one (the negative) electrode, and the 
group of atoms, or radicle (S0 4 ), at the other. liiit' 
this group or radicle immediately decomposes at the 
electrode, giving oxygen and sulphur trioxide, KO. { ; the; 
oxygen is liberated, while the sulphur trioxide combines 
with water 1o form sulphuric acid. According to this 
view, the final result may he expressed in the following 
manner, 


2TT 2 

2 vols. 


H! so 

Jl; 1 

I 

H; so 
Hi 4 


+ 2II a O = 211/504 + 0 ., 

1 vol. 


and the oxygen may be regarded as a secondary and not aft a"'/ 
direct product of electrolysis. , y' /: ™ 
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Aqueous solutions of other acids behave in a similar 
manner; on electrolysis hydrogen is liberated at the 
negative electrode, the other part of the acid molecule, 

11 ■'15 * * • 

or some secondary product, being set free at the positive 
electrode. 

When an aqueous solution of sodium hydroxide is elec¬ 


trolysed, hydrogen is evolved at the negative .and oxygen at 
the positive electrode, the relative volumes of these gases 
being as 2 : 1. In t|iis ease it is concluded that the sodium' 
hydroxide molecules are decomposed, and that sodium is 1 
set free at the negative, the hydroxyl group or radicle (Oil) , 
at the positive, electrode. The sodium, however, immedi¬ 
ately decomposes the water, giving hydrogen and sodium 
hydroxide, while the (Oil) groups themselves decompo^fe # 
giving oxygen and water. The final results may thus l>e 
accounted for. 

When a solution of copper -sulphate is submitted to ' 
electrolysis in the voltameter already described, or in the 
simpler form of apparatus shown in tig. 79, the negative 
.electrode becomes coated with copper, and oxygen rises 
from the positive electrode. The salt is thus decom¬ 
posed into copper, which is a primary product, and the 
(S(> 4 ) group; but the latter then gives rise to oxygen ns 
n secondary product, just as in ’the electrolysis of hydrogen 
sill ph ate. 

The electrolysis of an aqueous solution of sodium chloride 
(using graphite electrodes, footnote, p. 301) results in the' 
liberation of hydrogen at the negative and chlorine at the 
positive electrode. The chlorine is a primary product, but 
the hydrogen is a secondary product resulting from the 
action of the liberated sodium on the water, 


H., + 2NiiOII - 2H..0 + ■ f,! — Cl.,. 

1 vol. 1 vol. 

A solution of sodium sulphate gives on electrolysis hydto* 
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gen*and oxygen, tlie relative volumes of the gases being as 
: 1, If the solution is coloured with a little neutral lit¬ 
mus and electrolysed in the 
apparatus shown (lig. 79), 
it is seen that the liquid 
around the negative electrode 
becomes alkaline, whereas 
that around the positive elec¬ 
trode becomes acid to litmus. 
In this case the primary 
products of electrolysis are 
sodium and the (S< ) 4 ) group 
or radicle ; the former acting 
on the water liberates hydro¬ 
gen, while oxygen is liberated from the (S0 4 ) group as in the 
case of sulphuric acid, 

Na 



Fig. 7a 


Na 


SO 


2H 2 + 4NnOH = 41f a O + — — + 2U 2 0 - 2H s S0 4 + O 


2 vols. 


Na‘ S °4 


2 * 

1 vol. 


In consequence of these changes sodium hydroxide collects 
around the negative electrode and sulphuric acid around the 
.positive electrode, hut if the solutions in the two limbs of 
the voltameter are afterwards mixed the colour of the. litmus 
shows that the solution, as a whole, is neutral. 

From these examples of the electrolysis of acids, basic 
hydroxides, and salts, it would seem that the molecule of 
the electrolyte is decomposed into two parts. One of these 
parts is hydrogen or a metal, which is attracted to the 
negative electrode, and which, in consequence, is called 
electro-positive. The other part, which is attracted to the* 
positive electrode, and which is called electro-negative, is. 
either some, element such as chlorine, or some group of 
elements such as (OH) or (S0 4 ). Borne of these primary 
prodigl^yire actually liberated and may be collected^ but 
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many of them either act on the water present or decom¬ 
pose, giving secondary products of electrolysis, nameh^ 
hydrogen in place of a metal, and oxygen (or. some earner 
substance) in place of the primary electro-negative element 
or group. 

The behaviour of aqueous 'solutions of salts offers a simple 
means of finding which is the positive and which the negative 
pole of a battery ; if the two wires from the battery are 
pressed a sliort distance apart on to a piece of blotting 
(filter) paper, moistened with a solution of sodium sul¬ 
phate which has been coloured with neutral litmus, the 
colour changes to red around that wire which is connected 
with the positive pole of the battery, and to blue around 
the other wire. • 

Acids, basic hydroxides, and salts, which melt without 
decomposing, undergo electrolysis when in a fused condition. 
The primary products, which are stable under the conditions 
employed, are then obtained ; thus the electrolysis of fused 
sodium chloride results in the liberation of chlorine and of 
sodium. 

Many substances an*- now prepared commercially by electro¬ 
lysis. 

In all electrolyses the products are only liberated at the 
surfaces of the electrodes, although they may afterwards 
diffuse into the solution. It Seems, in fact, that the electro¬ 
lyte is decomposed into two parts, which move in opposite 
directions through the solution under the influence of the 
electric current. This may he accounted for by supposing 
that these parts carry electric charges, and that when they 
reach the electrodes they give up these charges, the carriers 
themselves being set free. These hypothetical charged 
particles which travel through the solution are called ions; 
that which is positively charged and which is attracted to the 
negative electrode or cathode is termed the cation; that which 
is negative!^ charged ami which is attracted to the positive 
electrode or anode is termed the anion. It is only when these 
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ion# have given up their electric charges (at the electrodes) 
jjhat the observed chemical changes occur. 

\^t was proved experimentally by Faraday (in 1834) that the 
weight of any element which is liberated during electrolysis 
is directly proportional to the quantity of electricity which 
passes through the electrolyte; also, that the weights of 
different elements which are liberated try the same quantity 
of electricity are directly proportional to their equivalents 
(Faraday’s laws of electrolysis). 

When, for example, one and the same electric current is 
passed simultaneously through different vessels containing 
solutions of hydrogen sulphate, copper sulphate, and silver 
nitrate respectively, the weights of hydrogen, copper, and 
silver respectively liberated at the negative electrodes, and 
that of the oxygen liberated at one of the positive electrodes, 
are in the ratio 1 :31*5 : 107*1 : 7*94, which is the same as 
that of their equivalents (p. 174). 

It is thus possible to determine the equivalent of an 
element (most easily in the case of certain metals) by passing 
the same current simultaneously through an aqueous solution 
of hydrogen sulphate and through a solution of sonie suit of 
the element. The volume of hydrogen liberated from the 
hydrogen sulphate, and the weight of the metal deposited 
from the salt in the same time, are determined, and the 
equivalent of the metal may then be calculated. 

Example .—40 c.c. of hydrogen at N.T.P. are liberated and 
0'1134 g. of copper is deposited in a given time. The weight of 
the hydrogen is 0*0036 g. The equivalent of copper, therefore, is 
1 x0*1134 _ 

0*0036 

In the case of elements which have two or more equiva¬ 
lents, the weight of the element liberated by a fixed quantity 
of electricity depends on the compound of that element which 
is electrolysed, but the equivalents determined electrolytically 
(sometimes called electro-chemical equivalents) and chemically, 
with ag^given compound, are the same. 
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Graphite . . 


. 118 

Electrolysis *. . . 

. . 301 

Green vitriol 


37, 226 

Electrolyte . . . 

. . 301 

Gunpowder 


30, 241 

Electrolytic gas . , 

. . TOO 

Gypsum , 


61, 226 

Element,s .... 

. . 51 




Elements, table of . . 

. . 201 

Hardness of water 


,280 

Emery 

. . 294 

Iiartsh. ut of. 


262 

Empiric il formula . 

. . 202 

Heat, atomic. . . 

• 

‘IPO 

Endothermic compound . 

. . 137 

Heat of combustion . 

• 

136 

Emlotlieimic reaction 

. . 137 

Heat of formation . 

• 

136 

Epsom salt 

. . 22(5 

Heat, specilic . 

• 

200 

Equations. . . 

. . 204 

Heavy spar . . 

• 

227 

Equivalent weights , 169, 170, 259 

Helium . . . 

• 

93 

Eudiometer . . . 

. 101,244 

Henry’s law . . 

• 

164 

Evaporation 

. . 15 

Hydrated crystals . 

« 

38 

Exothermic compound . 

. . 137 

Hydrocarbons . 

• 

125 

Exollmimic reaction . 

. 130 

Hydrochloric acid . 

• 

39. 142 

Faraday’s laws . . . 

. . 300 

Hydrochloric acid, commercial . 274 

Fatty acids . . 

. . 279 

Hydrogen . 

• 

98, 101 196 

Felspar .... 

. . . 290 

Hydrogen carbonate 

. 

. 271 

Fermentation . 

. . 12n 

llydiogeu chloride . 

• 

. 142. 1S8 

Ferrous sulphate 

. 37. 226 

Hydrogen chloride, percent; 

ge coin- 

Ferrous sulphide . . 

. 2l'i 

, ]M)sitiou of . 


. 150 

Filtration .... 

. . 22 

Hydrogen nitrate . 


236, 286, 299 

Flame .... 

. . 132' 

Hydrogen oxide 


103 

Flint, 292 ; Flint gln-»s . 

. . 294 

Hydrogen sulphate . 


221 

Flowers of Bulphur . 

. . 211 

Hydrogen sulphide . 


216 

Food . 

. . 137 

Hydrogen sulphite . 


233 

Formula, constitutional . 

. . 250 

Hydroxides 


250 

Foil in. la, empirical , , 

. 201,202 

Hydroxyl-group 


250 

Formula, molecular . . 

. 201,202 

Hygroscopic substances 


38 

Fractional crystallisation 

. . 32 

Hypochlorous acid . 


285 

Fractional distillation . 

. . 32 

Hypothesis, Avogadro’s 


193 

FreozhwMiiixturo 

8 




Freezi*»point. 

«■ 9 

Iceland spar 


61 

Furnace, electric . 

. 299 

Ignition . . • . 


48 



Incandescence . 


138 

Galena .... 

. . 220 

Incandescent electric light 

29S 

Galvanic battery . , 

. . 297 

Incandescent gas-light 


134 

Cas-burettes . . , 

. . 101 

Indicator . . 

• 

257 

Gas-holder 

. . 103 

Insulator . . . 

0 

. . 297 








310 


INDEX* 



PACK 




PAOfl 

Ions . . . 

. 805 

Marble . . 

• 

• 

. . 61 

Iron, burning of 

. 84 

Marsh-gas. . 

• 

• 

. . 117 

* 4^011 oxide. . 

85, 01 

Mass . . . 

• 

• 

. . 2 

Ir«m pyrites «. 

221, 2S7 

Massicot . . 

• 

a 

. 80 



Material . . 



34 

Kaolin 

01, 291 

Matter 



2. 

Kloselgulir 

. 202 

Melting-point . 




Kinetic theory . 

. 108 

Mercuric chloride 



. . 146 

Kipp’s apparatus 


Mercuric nitrate 



. . 287 

Krypton . 


Mercuric oxide. 



. . 81 



Mercuric sulphide 



. . 215 

Lamp-black . . , 

. . 181 

Mercury . 



. 228, 237 

Lard ■ . . , • 

. 270 

M e tills . . 



. 35, 255 

Law of Hoyle . 

. . 154 

McLasilicic acid 



. . 293 

Law of Charles. . . 

. 158 

Methyl alcohol. 



. . 127 

Ijiw of consenalion of energy . 136 

Methylated spirit 



. 127 

Law of Dalton . 

. 53, 170 

Mica . 



. 290, 291 

La\? of definite proportions 

. 58 

Mineral oil . 



. 127 

L^w of Dulong and l’etit. 

. 109 

Mixtuies . 



. 27, 270 

Law of Gay-Lussac . 

158, 187, 191 

Molecular formula 



. 201,202 

Law or Graham . 

. . J 07 

Molecular weight 



196, 197, 204 

Law of Henry . 

. 101 

Molecules . 



. 182,199 

Law of indestructibility of matter . 64 

Multiple proportions, the law of 169 

Law of multiple proportions 

. 100, 179 





Law of reciprocal proportions . 170 

Naphthalene . 


• 

. 9,10, 125 

Lead. 

. . 80 

Neon . . . 


• 

. . 93 

Lead aretnt«> , . . 

. . 279 

Nitrates . . 


■ 

. 240 

Lead chloride . 

. . 140 

Nitre. . , 


35, 82, 230, 241 

Lead dioxide . . . 

. . 178 

Nitric acid 


39, 236, 280, 299 

Lead hydroxide . . 

. . 252 

Nitric, oxide . 


• 

. 243, 299 

Lead nitrate . . 

. . 242 

Nitrogen . 


93, 

199, 247, 203 

Lead oxide . . . 

. 80, 178 

Nitrogen, oxides of 


• 

. 270 

Lend sulphide . . . 

. . 220 

Nitiogen pentoxide 


a 

. . 240 

Leaden chamber process. 

. . 287 

Nitrogen tetroxide 


• 

. . 240 

Le Blanc process . . 

. . 274 

Nitrous acid 


* 

. 247, 280 

Liebig's condenser . . 

. . 33 

Nitrous oxide . 


■ 

. 268 

Lime-light . . . 

. . 135 

Non-conductors of electricity. . 297 

Limestone. . . . 

. . 57 

Non-electrolytes 

■ 

• 

. 301 

Liquefaction of gases . 

. . 103 

Normal solutions 

• 

• 

. 267 

Litharge 4 

. 80, 178 





Litmus .... 

. 40 

Occlusion . . 

• 

a 

. 114 

Li turns-papers . . . 

. . 40 

Oil, mineral 

a 

• 

. . 127 

Lunar caustic . . , 

, . 242 

Oil of turpentine 

a 

• 

. 125, 145 



Oil of vitriol , 

• 

a 

. 89, 221 

Magnesite.... 

. . 272 

Oils, vegetable . 

• 

a 

. . 279 

Magnesium, burning of . 

. . 84 

Oleic acid . 

• 

• 

. +'V 280 

Magnesium carbonate 

. 75, 272 

Oxalic acid . 

• 

a 

. ' . 288 

Magnesium hydrogen carbonate . 278 

Oxidation . . 

■ 

a 

. 86,288 

Magnesium oxide . 

. 86, 107 

Oxides . . 

• 

a 

. 86, 238 

Magnesium sulphate 

. 220 

Oxidising agents 

a 

* 

. . 286 

Manganese chloride . 

. . 280 

Oxygen . 

• 

a 

. 79,199 

Manganese dioxide 

88, 140, 286 

Oxy-hy^rogen flame. 

• 

. . 186 
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Palmitic acid 

aso 

Salts, double 


. 295 

Palm oil 




. 26£ 

l'aniflin wax . . 

10, 125, 280 

Salts, normal . 

• • 


Partial pressure • 

. ' . 150 

Sandstone . . 

• 

. . 292 

Pearl-asli . ■ • 

. . 276 

Sapphim . 

• 

. . 294 

l'elrol . • • 

. . 125 

Sea-suit . . 


85 

Phlogiston . . 

. . 1‘2‘> 

Sea- water . . 


11S 

Phosphoric at id . 

. 249, 254 

Selenite . 


226 

phosphorus . . 

. 84, 800 

Shale - 


292 

Phosphorus chloride 

. . 141 

Silent discharge 


300 

Plmsphoius protoxide 

. . 85 

Silica 


292 

Physical change . 

. . . 40 

Silicates . 

• 

. . 298 

Plaster of Paris 

. . . 227 

Silicic acid . . 

• 

. . 293 

Platinum . • • 

. . . 2!Hi 

Silicon . , . 

• 

. . 294 

Platinum sponge . 

. . . 282 

Silicon, oxide of . 

« 

. . 292 

Poles. 

. . 297, 805 

Silver . , . 

• 

. . 286 

J’olymorjiliism . 

. . . 214 

Silver chloi ide . . 

• 

. . 448 

Poicolaii , 

. . . 201 

Silvei livdioxide 



Potash, alum . 

. , . 291 

Silver nitrate . 


148, 238, 24^ 

Potash, caustic . 

. . . 79 

Silver oxide 


. . ns 

Potashes . . 

. . . 276 

Silv ulphatn 


224 

Potassium carlionate 

• 

Silver sulphide. 


. 219 

Potassium chlorate . 

. 82, 208 

Slaked lime . 


58, 69 

Potassium chloride . 

82, 150 

Slate. 


. 292 

Potassium hydroxide 

. . . 79 



. 279 

Potassium nitrate . 

. . 86,241 

Soda aluin . 



Potassium mtiite . 

. . . 247 

Soda-ash . . 


. 274 

Plmnlwigo. 

. . . ns 

Soda, calcined , 


. 274 

Pyrites . . 

. 221,287 

Soda-cry stals . 


85, 37 

Pyroligneous acid . 

. . . 277 

Soda-lime . , 





Sodium . . . 

• 

. . 253 

Quartz 

290, 292 

Sodium acetate . 

• 

. . 279 

Quicklime 

57, 147 

Sodium aluminale . 

• 

. . 295 

Quicksilver 

223, 237 

Sodium carbonate . 

• 

. 85, 273 



•Sodium chloride 

• 

. 85, 147 

Radicles . , , 

. 208, 241, 200 

Sodium hydrogen carbonate 

. 275 

Hi-d-lead . , , 

. . 80, 178 

Sodium hydrogen sulphate 

. . 258 

Reducing agents 

, . . 2S5 

Sodium hydrogen sulphite 

. . 2W 

Reduction . , 

. . . 283 

Sodium hydroxide . 

• 

258 

Revei sihle changes . 

. . 20, 86 

Sodium nitrate. 

• 

287, 241 

Reversible reaction . 

. 80, 107, 209 

Sodium oxide . 

• 

253 

Rock-crystal . 

. . . 292 

Sodium silicate 

• 

293 

Rock-salt . 

. . . 35 

Sodium stearate 

■ 

280 

Rocks, components of 

. 290 

Sodium .sulphate 


226 

Ruby. 

. . . 294 

Soft water 

• 

280 



Holder . 


, 35 

Sal-ammoniac 

. . 200, 264 

Solubility curves 



Salt-cake . 

. . . 27 4 

Solubility of gases . 


27, 66, 163 

Salt, common 

23. 35. 147 

Solubility of liquids. 


. . 20 

Saltpetre . 

. 85, 82, 236, 241 

j Solubility of solids . 


. 23 ■ 

Salts . 

38, 224, 240, 253 

Solution . 


. . 20 

Salt«, aeld« 

• • . 258 

Solution, saturated . 


. . 20 
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Solution, nnsatii rated 

• 

a 

20 

Synthesis . . 

• 

• 

« 

. 73 

^nlvny process , 

. . t . 

Spiuks, electi ic 

a 

• 

• 

a 

• 

27ft 

19-1 

'JUS 

Tartaric acid . 

Tension of aqueous vapour 
Tiles ..... 

a 

■ 

• 

. 233 

. Jfirt 
. 25U 

Specific gra\ity 

• 

14, 

mo 

Titration . 


a 

a 

. 2ft« 

Spocilic.bc.il, 



200 

Torricellian vacuum. 

• 

a 

. 17 

Spocillc prupei ties . 
Spirit of hartshorn . * 

Si,aliic tiles 

a 

• 

• 


2 

202 

273 

Tribasic acids . 
Turpentine 

a 

• 

• 

a 

• 

a 

254 

125 

Stalagmites 

• 


273 

Valency . 




. 206 

Stannic oxide . 

• 


2h. 

Vapour density 




160, 15)4 

Starch . . . 

a 


12ft 

Vapours . 




152, 163 

Stearic acid 

a 


2S0 

Vermilion . 




. 221 

Stearin . . . 

a 


2s0 

Vinegar 

. 

• 

a 

. 2T5) 

Sublimation . . 

a 


1 ‘) 

Vitriol, blue 

• 

. 36 3H, 46, 225 

Substances 

a 


33 

Vitriol, gicen . 

• 

a 

• 

37, 101 

Substitution 

• 

a 

110 

Vitriol, oil of . 

, 

a 

a 

3i), 221 

Suel-lat . 

• 

a 

270 

Vitriol, white . 


a 

a 

101 226 

^igur 

a 

■ 

■j OO 

Voltaic battery. 

• 

a 

• 

. 25>7 

Sulphates . 

a 


223 

Voltameter 

■ 


• 

108, 303 

Sulphur . 

• 

a 

211 






Sulphur, chloride of 

a 


21.ft 

Wash in ada 




35 

Sulphur, iiionoclmic 

a 

a 

‘21‘j 

Water 

a 


. 

103, 2S0 

Sulphur, plastic 

• 

• 

213 

Wa1,er, com]M>.dtion oi 



10!>, 1S8 

Sulphur, rhombic . 

a 

a 

211 

Wa , hurdn 




280 

Sulphur dioxide 


• 

220 

Water, natural . 


111, 

1 F.0, 

243, 2*0 

Sulphur trioxide 



231 

Water of crystallisation 



. 37 

Sulphuric acid . 


35). 

221 

Water of liydratmi 

. 


, 

. 38 

-Sulphurous acid 


s 

233 

Wood, destructive 

distillation ol 

. 114 

Sulphurous anhydiide 




Wood-charcoal . 

a 

• 

, 

. 113 

Sulphide, calcium . 



27 5 

Wood creosote . 

a 

* 

a 

. 277 

Sulphide, cupric 



220 

Wood-naplitlia . 

• 

a 

• 

. 127 

Sulphide, cuprous . 



21ft 

Wood-spirit. . 

• 

• 

a 

127, 277 

Sulphide, ferro'i' - 



21 .ft 






Sulphide, hydrogen . 



210 

Xenon . . 

r 

• 

• 

. 03 

Sulphide, lead . 

a 

. 

220 






Sulphide, mercury . 

21 ft, 

2-JO, 

‘2*21 

V east 

• 

• 

a 

. 126 

Sulphide, silver 


• 

210 






Sulphide, zinc . 


a 

221 

Zero, absolute . 

t 

a 


. 158 

Sulphides . 

a 

■ 

21 ft 





25*6 

Sulphites . 

a 

• 

235 

Zinc blende 




MO] 

■ aaaa ■ 

Symbols . 

a 

a 

1S4 

Zinc sulphate . 




101, 226 

Symbols, table of . 

a 

a 

201 

Zinc sulphide . 




. 221 


Edinburgh: Printed by W. <fc R. Chain bent, Limited. 
















